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ABSTRACT 
 
 
A new method to map freshwater mussel habitats was developed and tested in the 
Big South Fork National River and Recreation Area (BISO).    The procedure involved 
using an Underwater Video Mapping System (UVMS) to record river substrate 
information in conjunction with Global Positioning System (GPS) to create  
geo-referenced video footage.  Simultaneously, the river surface features were  
video-recorded using a similar geo-referenced video mapping system.  Images from both 
videos were evaluated and used to produce habitat classifications in a Geographic 
Information System (GIS) format.  The focus of the project was on mapping attributes in 
the river that are significant to freshwater mussel habitats.  These attributes characterize 
river sections as either favorable or unfavorable to freshwater mussel populations.  The 
attributes specifically selected were based on the habitat suitability needs of five federally 
endangered species of mussels that exist in BISO.  By developing a GIS map of the 
habitat attributes, biologists knowledgeable in the needs of both adult and juvenile 
mussels of various species can identify locations suitable for augmenting mussel 
populations and habitat health.  
This project was conducted in 2004 and involved mapping river habitat in over 
27.8 km (17.3 mi) of river in BISO.  There are 182.2 km (113.2 mi) of river within BISO, 
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so this assessment encompasses 15 % of the river mileage within the park.  Most previous 
mussel studies have not evaluated long segments of river habitat.  This work provides 
continuous mapping of several contiguous kilometers of river. 
The findings were stored in a GIS format and used to identify locations for 
possible re-introduction and management of mussels.  Three sections of river in BISO 
were evaluated.  The river segments were chosen to represent river conditions found in 
different parts of the park.  The three sections studied were the Clear Fork Section in the 
southwest corner of BISO (in TN), Alum Ford Section at the northern park border (in 
KY), and the Leatherwood Ford Section in the middle of the park (in TN). 
In-stream physical habitat characteristics were captured by video cameras at the 
water surface and underwater.  The images were then classified into habitat categories 
that are either favorable or unfavorable to the mussel populations.  Applying UVMS 
technology was a unique way to gather habitat attributes and create maps.  Five primary 
habitat attributes were evaluated.  These attributes were: flow characteristics of the river 
(pool, run, and riffle), river depth, substrate classification, embeddedness of the substrate, 
and the presence of coal contamination. 
 The UVMS above-water camera system was very successful in evaluating the 
flow characteristics of the river (distinguishing between pool, run, and riffle) in the three 
study sections in BISO.   The UVMS underwater video footage was used to classify 
substrate characteristics.  The evaluation for the presence of coal deposits indicated the 
Clear Fork Section did not have coal deposits in the video footage, whereas the 
Leatherwood Ford and Alum Ford sections had a significant amount of coal in the river.   
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The UVMS was successful at locating areas of possible habitat for the five mussel 
species of interest.  These areas are mostly in clusters along the river.  There is significant 
overlap in the suitable habitat areas identified among the five species, largely because 
several of the species prefer similar habitat attributes.  Four of the species require riffles 
for optimal habitat, and the flow characteristics in the Clear Fork and Leatherwood Ford 
sections provided this type of habitat.  The other species was a pool-loving species, which 
had more optimal habitat in the pool segments in the Leatherwood Ford Section.   The 
Alum Ford Section did not have any suitable mussel habitat because the impounded river 
forms a reservoir.  The intermittent substrate classification points on the lake bottom 
showed continuous silt, which does not provide suitable habitat for any of the five species 
of endangered mussels. 
Out of the total 1,207 sites evaluated for habitat suitability, the majority were 
unsuitable as mussel habitat.  The total number of suitable habitat sites identified per 
species ranged from 109 to 548 (this is the combined total for optimum, suboptimum and 
marginally suitable habitat).   Mussels are very specific in terms of the habitat they thrive 
in, so a method to systematically identify these locations is a valuable tool. 
Overall very few areas of optimal habitat were identified.  For the four species 
that thrive in riffle habitats, two (or less) optimal habitat sites were identified per species.  
The fifth species, the Cumberland Elktoe, thrives in pools.  Over the length of the 
mapped rivers there was considerably more length of pool than riffle, so there were more 
opportunities for desirable habitat for this pool-loving species; 19 optimal habitat sites 
were identified.  When the habitat criteria were expanded to encompass suboptimal and 
marginal criteria, the number of suitable habitat sites increased dramatically for all of the 
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species.  For each of the four riffle-loving species the expanded criteria identified suitable 
habitat in approximately 10% of the classified points.  For the pool-loving Cumberland 
Elktoe, the expanded criteria identified suitable habitat in almost 50% of the classified 
points. 
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CHAPTER 1  
  INTRODUCTION 
 
 
Populations of freshwater mussels worldwide are declining precipitously 
(Williams et al., 1993).  Freshwater mussels spend their entire life partially or wholly 
buried in the substrate of a permanent body of water (Parmalee and Bogan, 1998).  
Mussels are usually among the first aquatic animals to disappear from impaired 
waterways.  Threats to the mussel’s habitat include contaminants in the river sediment, 
siltation, pollutants from improper forestry and mining practices, river crossings, river 
impoundments, channelization, dredging, illegal collecting, over-harvesting, and other 
sources of pollution (Fuller, 1974).  Big South Fork National River and Recreation Area 
(BISO) currently has 25 species of mussels that occur in the park, of which five species 
are federally listed as endangered by the United States Fish and Wildlife Service (U.S. 
Fish and Wildlife Service, 2005).  Historically BISO has had as many as 70 species of 
mussels in the park.  A number of the mussel beds remaining in BISO are at-risk from 
degradation of their habitat (NPS, 2003).      
The decline in freshwater mussel numbers and distribution is a result of 
destructive changes to their habitat.  These changes include but are not limited to 
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contaminants from mining, agricultural, dredging, impoundments, loss of riparian 
buffers, urban development, and non-point source sedimentation and pollution.  It is very 
important to protect mussel habitat because the mussels are unable to move away from 
threats in their environment.  Additionally, mussels are at-risk from predators and 
commercial exploitation.  For mussels to thrive, the habitat must sustain mussel 
reproduction and growth at adequate levels.  Listed below in Table 1-1 are the five 
endangered species of freshwater mussels that can be found within BISO.  Each species 
has a specific type of habitat it requires, and by identifying sites that provide this habitat, 
biologists knowledgeable in mussel propagation techniques can augment the populations 
of these endangered mussels. 
  Locations that provide favorable habitat can be targeted for mussel 
reintroduction efforts.  Currently, mussel reintroduction has only been successful in 
locations with existing populations, but if other favorable locations are identified it may 
assist in mussel propagation efforts.  Most previous mussel studies have not evaluated 
long segments of river habitat.  This work provides continuous mapping of several 
contiguous kilometers of river, with optimal sites geo-referenced to aid in targeting 
mussel augmentation. 
 
Table 1-1 Endangered Mussels Found in BISO Listed by USFWS, (2005) 
Common Name Scientific Name USFWS Status 
Cumberland Bean Villosa trabalis  Endangered 
Cumberlandian Combshell Epioblasma brevidens  Endangered 
Tan Riffleshell E. florentina walkeri  Endangered 
Cumberland Elktoe Alasmidonta atropurpurea Endangered 
Littlewing Pearlymussel Pegias fabula Endangered 
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CHAPTER 2   
LITERATURE REVIEW 
 
 
2.1 Introduction to Freshwater Mussels 
Freshwater mussels can be found all over the world, but the most diverse 
population of freshwater mussels is found in the southeastern part of the United States.  
The United States historically has had about 300 different species of mussels. Of these 
300 species, 10% are recently extinct with an estimated 70% at risk of disappearing in the 
United States.  Approximately 130 of the 300 species of freshwater mussels that have 
been recorded in the United States have been known to occur within the political 
boundaries of Tennessee (Parmalee and Bogan, 1998).  Nationwide, 72 species of 
mussels are currently listed as threatened or endangered under the Endangered Species 
Act of 1973 (United States Fish and Wildlife Service, 2005).  Of the 300 species of 
mussels which have been found in the United States, approximately half are listed 
federally or by states as threatened, endangered, extinct, or of concern due to decreasing 
numbers (Parmalee and Bogan, 1998).   Over 30 of the species of mussels listed as 
threatened or endangered on the federal register by the US Fish and Wildlife Service have 
a historic range in Tennessee (U.S. Fish and Wildlife Service, 2005).  Steven Bakaletz’s 
1985 - 1986 mussel survey of BISO included 2,067 individual mussels from 59 sites and 
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 the results of the survey found 22 different species of freshwater mussels in the park 
(Bakaletz, 1991).  This is a significant decline from previous surveys, which documented 
BISO had 48 mussel species (Bakaletz, 1991).  Currently there are five federally 
endangered species of mussels with populations in BISO. 
Freshwater mussels are essentially sedentary animals by habit. “Though attached 
to nothing they remain for indefinite periods nearly as still as if their position were 
irrevocably fixed….A mussel, in natural position in a stream, is partly or almost entirely 
embedded in sand, mud, or gravel of the bottom” (Coker et al., 1922).  The life cycle of 
most freshwater mussels involves a parasitic glochidia stage that depends on native fish 
species to serve as intermediate hosts.  Many North American freshwater mussel species 
have life spans of 15 to 50 years in good water conditions, with some individuals living 
over 100 years.  Margaritifera margaritifera can have a life span of 100 - 200 years 
depending on latitude and environmental conditions.  This is 3 – 7 times the life span of 
southern populations of Margaritifera margaritifera, which is 28 – 40 years  
(Ziuganov et al., 2000).   
Freshwater mussels belong to a large group of animals in the phylum Mollusca. 
This large compilation of animals is described taxonomically in Table 2-1.  The phylum 
Mollusca is grouped together because they share similar structural characteristics which 
include of a muscular foot which is used for locomotion, a mantle, and a hard covering 
over at least part of the animal.   Many of the animals in phylum Mollusca have a calcium 
carbonate shell, which is secreted by the mantle.  The mantle is for respiration, waste 
disposal, and as a sensory receptor.  All animals in phylum Mollusca have a complete 
digestive tract and an open circulatory system with a heart.  Animals in phylum Mollusca 
4 
 Table 2-1 Taxonomy of Freshwater Mussels 
 
Domain Eukarya 
Kingdom Animalia 
Phylum Mollusca 
Class Bivalvia 
Order Unionoida 
Family 
Unionidae 
(Mararitiferide) 
(Conrbiculidae)
(Dreissenidae) 
Genus  
Species  
Scientific name  
 
 
include chitons, tusk shells, snails, slugs, conchs, nautilus, squids, octopi, clams, oysters, 
and mussels (Parmalee and Bogan, 1998). 
Clams, oysters, and mussels are in the class Bivalvia within the phylum Mollusca.  
Freshwater mussels are also known as freshwater clams, shellfish, mollusks, bivalves, 
and macroinvertebrates.  All animals in class Bivalvia have a hinged shell comprised of 
two halves (two valves) and a muscular foot used for digging, locomotion, and anchoring 
into substrate or between the crevices of rocks.  There are four families of freshwater 
mussels found in Tennessee:  Corbiculidae, Dreissenidae, Margaritiferidae and Unionidae 
(Parmalee and Bogan, 1998).  Family Unionidae is the largest family of mussels in 
Tennessee.  
2.2 Reasons for Decline in Freshwater Mussel Populations  
 
“For most endangered species in the United States today, the most serious threat 
is habitat destruction.  Because of this, habitat conservation is the best single means to 
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 counter extinction” (National Research Council, 1995).  Much of the ideal habitat for 
mussels has been eliminated by humans through large-scale impoundment of rivers and 
pollution of the waterways.  Freshwater mussels are sensitive to physical or chemical 
changes in their habitat.  Pollution comes in many forms such as sediment bed loads, 
increased suspended solids, localized impacts from gravel and coal mining, invasion by 
alien species of mussels, and reduced water quality by dams (USFWS, 2004).  Many 
streams and rivers may look healthy but are polluted by heavy metals, pesticides, and 
acid mine drainage.  The effects of multiple forms of pollution, including chemical, 
physical, and anthropogenic effects, on clams and mussels were reviewed by Fuller 
(1974).  Some forms of anthropogenic pollution discussed by Fuller were channelization, 
dams and impoundments, silt, mussel industry harvesting, waste products from industry, 
and mining pollution.  Each type of pollution can have a significant negative impact on 
mussel populations. 
 Mussels are suspension feeders with low selectivity, meaning that in addition to 
the microscopic plants and animals they ingest, they also siphon contaminants from the 
water which can be toxic (Fuller, 1974).  Silt interferes with filter feeding in the gills and 
with gas exchange mechanisms.  Impoundments are like large lakes, and the loss of river 
flow makes the habitat unsuitable for most mussels due to loss of host fish, reduced flow 
rates, substrate composition, and changes in depth and temperature (Parmalee and Bogan, 
1998).  Lowering water levels in extreme droughts or dry periods may kill bivalves 
exposed to air (McMahon, 1991).  Ellis (1936) documented the effects of silt on 
freshwater mussels, finding that moderate silt deposition was fatal to mussels in 
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 otherwise suitable conditions.  The mussels are smothered by the silt and other sediments 
in the water.  Different species of mussels had different tolerances for siltation. 
Mussel habitats within BISO are impacted by toxic coal deposits found in the 
river as a result of abandoned coal mines and erosion (NPS, 1997).  Remnant coal 
deposits float down the river in storm events and settle out for a period of time in coal 
beds at locations where the hydraulic features of the river selectively favor the deposition 
of the coal.  Coal mining is well-documented in the literature to negatively impact mussel 
populations and other aquatic organisms (Fuller, 1974).  Mining runoff is very acidic, 
with a pH of less than 6.0, and contains toxic heavy metals and other trace elements 
(NPS, 1997).  This lowers the pH in the stream, which creates inhospitable conditions for 
many aquatic organisms.  
In addition to habitat destruction, mussel harvesting contributes to the decline in 
mussel populations.  In the last several hundred years mussel harvesting was conducted 
for a number of reasons.  Freshwater mussels were important to Native Americans for 
tempering pottery, making utensils, tools, jewelry, and as a food source.  From the late 
1800s until 1960, mussel shells were used to make pearl buttons in factories located 
mainly on the Mississippi River.  Pearl harvesting of freshwater mussels dates back to 
Native Americans.  By 1860 mussels were collected to look for pearls in Kentucky, 
Tennessee, and several other states (USFWS, 2004).  In the 1950’s the Japanese 
discovered that beads cut from North American mussel shells make a superior nucleus to 
grow high quality cultured pearls. 
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 2.3 Biology of Freshwater Mussels 
 
Sedentary animals by nature, freshwater mussels require a stable substrate 
environment with good current to bring food, promote reproduction, and carry away 
waste products.  Freshwater mussels use their incurrent siphon to take in water from 
which they acquire oxygen and food.  Mussels filter feed on unicellular algae, bacteria, 
zooplankton, and suspended organic detritus from the water.  The gills of the mussel 
absorb oxygen from the water (Parmalee and Bogan, 1998).  Wastes of the mussel are 
released into the water through the excurrent siphon.  Usually, the only visible part of a 
mussel is the posterior end, with the two siphons exposed at the bottom of the river while 
the rest of the mussel’s body is burrowed into the substrate (Parmalee and Bogan, 1998). 
Freshwater mussel shells exhibit a diversity of shapes from elongated or oval to 
sub-circular, quadrate, or sub-triangular.  Mussel shells also differ by species in size, 
thickness, color and texture. The mussel’s hard shell provides the mussel with some 
protection of the internal organs.  The shells of freshwater mussels are formed from 
calcium carbonate (CaCO3) which the mussel extracts from the water (McMahon, 1991).   
Thin-shelled species grow much faster than thicker shelled species.  Most shell growth 
occurs in the juvenile mussel during the early years of life.  As a mussel matures the shell 
growth will slow and the development of reproductive organs increases.  The average age 
of sexual maturity in a mussel is usually greater then six years (McMahon, 1991).  
Mussel shell growth is a process with slight interruptions and resumptions during growth.  
In the winter months the mussel shell grows slowly and forms a dark band (or annulus) 
along the shell margin.  The formation of the dark band can be used to find the 
approximate age of the mussel (Coker et al., 1922).  Coker also observed another ring on 
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 the shell’s of the mussels in his study which marked the exact size of the mussel when 
originally measured.  Subsequent observations showed that a ring would form when the 
mussel was measured and replaced in the water.  The reason for this ring was the 
disturbance of the growth, caused by an extreme retraction of the mantle.  
2.4 Mussel Life Cycle  
 
The life cycle of freshwater mussels is very different from other Bivalvia in that 
most species of mussels have a parasitic stage in their life cycle.  At the beginning of the 
life cycle the mussel must attach to a host fish until they become juvenile mussels.  Most 
mussels require a specific host fish species to complete their life cycle (Parmalee and 
Bogan, 1998).  Freshwater mussels are usually either male or female; however, Van der 
Schalie (1970) found that four species of mussels were hermaphroditic, meaning they 
have both male and female reproductive organs in the same individual.   
Most freshwater species appear to produce a single brood each year.  During 
breeding season, males expel sperm into the current of the river.  The sperm enters the 
female mussel downstream via her incurrent siphon, and the eggs are fertilized internally.  
Her modified gills are brooding chambers for embryos that mature into microscopic 
larvae, called glochidia (glo-kid-ee-ah).  The next part of the larval stage is parasitic on a 
host, typically a fish of a particular species (Bruenderman et al., 2002).  Glochidia are 
released into the water and must attach to the gills or the external surfaces of the host fish 
(Cicerello and Schuster, 2003).  The glochidia of some mussel species parasitize a wide 
number of host fish species, where others have a very limited number of host fish which 
will sustain the glochidia.  The reduced populations of native fish are suspected to have a 
major impact on the decline of mussel populations (Parmalee and Bogan, 1998).     
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 Some species of mussels simply release the glochidia into the river, while others 
use mechanisms to actively attract the host fish.  These mechanisms can be quite 
elaborate.  Some mussel species have developed a lure which looks like a small minnow, 
worm, or insect.  When the potential host fish strikes the lure, they receive a 
concentration of expelled glochidia.  If the glochidia fail to attach to a suitable host fish, 
they will die (Parmalee and Bogan, 1998).     
Glochidia remain attached to the host fish for a few days to a few weeks 
depending on the species of mussel, place of attachment, and temperature of the water 
(Parmalee and Bogan, 1998).  During the parasitic stage the glochidia feed on the host 
fish tissue and mature into juvenile mussels.  Most glochidia infestations are light and do 
not harm the host fish.  Once the glochidia mature into juveniles, they will fall off the 
host fish to the substrate below.  “Distribution is in fact effected principally during the 
period of parasitism on the fish, when it is governed by the migrations of the host.  When 
dropping from the fish, the juvenile mussels are naturally subject to the force of the 
current, and some fall in unfavorable environments and may be carried to a more suitable 
place, while others falling upon good ground may drift into a less favorable situation.” 
(Coker et al., 1922).    
The juvenile mussel must also survive predators, including muskrat, raccoon, 
mink, otters, some turtles, some water birds, man, hogs, and some species of fish, 
including freshwater drum, certain catfish, and sheepshead (Coker et al., 1922; Fuller, 
1974).  Muskrats are often species- and size-selective of which mussels they eat (Hanson 
et al., 1989; Neves and Odom, 1989). The muskrats eat the soft parts in the shell, and 
leave behind piles of shells called “middens.” 
10 
 2.5 Artificial Culturing of Freshwater Mussels 
Concern for native mussels is not new.  Almost a century ago work was done to 
protect native mussel populations that had economic value from over-harvesting by the 
button industry.  Two biologists from University of Missouri recognized that natural 
reproduction was inadequate to sustain populations of freshwater mussels from  
over-harvesting.  George Lefevre and Winterton C. Curtis began to study the 
reproduction of mussels, pioneered propagation techniques, and studied the biology of 
mussels (Pritchard, 2001).  The goal of their work was to find ways to restock depleted 
mussels in areas with favorable mussel habitat.  Their work developed ways to artificially 
propagate mussels.  George Lefevre started seeking funding from the U.S. Bureau of 
Fisheries for his work in 1904.  In 1908 Congress appropriated funds for the construction 
of Fairport Biological Station in Iowa.  Robert E. Coker was appointed director of the 
Fairport Biological Station in 1910.  The Laboratories at Fairport Biological Station were 
dedicated August 4, 1914 (Pritchard, 2001).  Over the years a large number of studies and 
artificial propagation tests were conducted at the station, and a number of important 
reports were published from the work done there.  In 1934 funding for the mussel 
culturing work at Fairport disappeared (Pritchard, 2001). 
Artificially culturing freshwater mussels involves enhancing one or more steps of 
the natural life cycle of the mussel, such as collecting the sperm, fertilizing the female 
mussel, placing of glochidia on proper host fish, recovering juvenile mussels and 
augmenting of juvenile mussels to suitable habitat.  Techniques to artificially culture and 
augment mussel populations are still an area of very active research at universities.   
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 2.6 The Five Endangered Freshwater Mussels in BISO 
Of the mussel species that occur in BISO, five species are federally listed as 
endangered by the United States Fish and Wildlife Service (U.S. Fish and Wildlife 
Service, 2005).  These species are the focus of many efforts to develop recovery plans 
and to augment populations.  The following subsections describe the five species, with 
additional detailed habitat information available in Chapter 6.  For a detailed description 
of these species reference The Freshwater Mussels of Tennessee by Parmalee and Bogan, 
(1998), A Guide to Freshwater mussels of Kentucky by Cicerello and Schuster, (2003), or 
Alabama Wildlife Vol. 2 Imperiled Aquatic Mollusks and Fish, (2004). 
2.6.1 Cumberland Bean, Villosa trabalis 
The Cumberland Bean, Villosa trabalis (Conrad, 1834), was first listed as 
endangered by the USFWS on June 14, 1976.  The Cumberland Bean’s recovery plan 
was approved on August 22, 1984, by the USFWS.  Currently the Cumberland Bean is 
listed as endangered by the USFWS, the Tennessee Wildlife Resource Agency (TWRA), 
and the Kentucky State Nature Preserves Commission (KSNPC). Host fish for the 
Cumberland bean are listed in Table 2-2.  Figure 2-1 is a picture of the Cumberland Bean. 
2.6.2 Cumberlandian Combshell, Epioblasma brevidens 
The Cumberlandian Combshell, Epioblasma brevidens (Lea, 1831), was first 
listed as endangered by the USFWS on January 10, 1997.  The Cumberlandian 
Combshell’s recovery plan was approved May 4, 2004, by the USFWS.  Currently the 
Cumberland Combshell is listed as endangered by the USFWS, TWRA and KSNPC.  
Known host fish for the Cumberlandian Combshell are listed in Table 2-3.  Figure 2-2 is  
picture of the Cumberlandian Combshell mussel. 
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 Table 2-2 Host Fish of the Cumberland Bean, Villosa trabalis 
Common Name Scientific Name 
Arrow darter Etheostomga sagitta 
Barcheek darter E. obeyense 
Fantail darter E. flabellare 
Johnny darter E. nigrum 
Rainbow darter E. caeruleum 
Snubnose darter E. simoterum atripinne 
Sooty darter E. olivaceum 
Striped darter E. virgatum 
Stripetail darter E. kennicotti 
 (Parmalee and Bogan, 1998)
 
 
 
 Gary Peeples, U.S. Fish and Wildlife Service, www.forestryimages.org
Figure 2-1 Cumberland Bean, Villosa trabalis (Conrad, 1834) 
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 Table 2-3 Host Fish of the Cumberlandian Combshell, Epioblasma brevidens 
Common Name Scientific Name 
Banded sculpin Cottus carolinae 
Black sculpin C. baileyi 
Bluebreast darter Etheostoma camarum 
Greenside darter E. blenioides 
Logperch Percina caprodes 
Mottled sculpin C. barirdi 
Spotted darter E. maculatum 
Redline darter E. rufilineatum 
Tennessee snubnose darter E. simoterum 
Wounded darter  E. vulneratum 
(Parmalee and Bogan, 1998), (USFWS, 2004)
 Gary Peeples, U.S. Fish and Wildlife Service, www.forestryimages.org
Figure 2-2 Cumberlandian Combshell, Epioblasma brevidens (Lea, 1831) 
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 2.6.3 Cumberland Elktoe, Alasmidonta atropurpurea 
The Cumberland Elktoe, Alasmidonta atropurpurea (Rafinesque, 1831), was first 
listed as endangered by the USFWS on January 10, 1997.  The Cumberland Elktoe’s 
recovery plan was approved on May 4, 2004, by the USFWS.  Currently the Cumberland 
Elktoe is listed as endangered by the USFWS, TWRA and KSNPC.  Known host fish for 
the Cumberland Elktoe are listed in Table 2-4.  Figure 2-3 is a picture of the Cumberland 
Elktoe mussel. 
2.6.4 Littlewing Pearlymussel, Pegias fabula 
The Littlewing Pearlymussel, Pegias fabula (Lea, 1838), was first listed as 
endangered by the USFWS on November 14, 1988.  The Littlewing Pearlymussel’s 
recovery plan was approved on September 22, 1989, by the USFWS.  Currently the 
Littlewing Pearlymussel is listed as endangered by the USFWS, TWRA and KSNPC. 
Known host fish for the Littlewing Pearlymussel are listed in Table 2-5.  Figure 2-4 is a 
picture of the Littlewing Pearlymussel mussel. 
 
Table 2-4 Host Fish of the Cumberland Elktoe, Alasmidonta atropurpurea 
Common Name Scientific Name 
Rainbow darter Etheostomga caeruleum 
Whitetail shiner Cyprinella galactura 
Northern hog sucker Hypentelium nigricans 
Rock bass Ambloplites rupestris 
Longear sunfish Lepomis megalotis 
 (USFWS, 2004)
15 
  
 
Figure 2-3 Cumberland Elktoe, Alasmidonta atropurpurea (Rafinesque, 1831) 
 
 
 
 
Table 2-5 Host Fish of the Littlewing Pearlymussel, Pegias fabula 
Common Name Scientific Name 
Greenside darter Etheostoma blenioides 
Emerald darter E. baileyi 
 (NPS, 2003)
 
Virginia Polytechnic Institute and State University
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  Gary Peeples, U.S. Fish and Wildlife Service, www.forestryimages.org
Figure 2-4 Littlewing Pearlymussel, Pegias fabula (Lea, 1838) 
 
 
 
2.6.5   Tan Riffleshell, Epioblasma florentina walkeri 
The Tan Riffleshell, Epioblasma florentina walkeri (Wilson and Clark, 1914), 
was first listed as endangered on August 23, 1977.  The Tan Riffleshell’s recovery plan 
was approved in 1984 by the USFWS.  Currently the Tan Riffleshell is listed as 
endangered by the USFWS, TWRA and KSNPC. There was some confusion as to which 
Epioblasma mussel is present in BISO between two very similar species, E. walkeri and 
E. capsaeformis.  In 2004 a thesis by Jess Jones evaluated genetic markers between these 
specimens and concluded that the BISO Epioblasma specimens are E. f. walkeri.   Host 
fish for the Tan Riffleshell are listed in Table 2-6.  Figure 2-5 and Figure 2-6 pictures of 
the Tan Riffleshell mussel. 
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 Table 2-6 Host Fish of the Tan Riffleshell, Epioblasma florentina walkeri 
Common Name Scientific Name 
Banded darter Cottus carolinae 
Fantail darter Etheostoma flabellare 
Greenside darter Etheostoma blenioides 
Redline darter E. rufilineatum 
 (Parmalee and Bogan, 1998), (NPS, 2003)
 
 
 
 Gary Peeples, U.S. Fish and Wildlife Service, www.forestryimages.orgVirginia olyt chnic Institute and Stat  University
Figure 2-5 Tan Riffleshell, Epioblasma florentina walkeri (Wilson and Clark, 1914) 
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  Virginia Polytechnic Institute and State University
Figure 2-6 Tan Riffleshell 
 
 
 
2.7 Big South Fork National River and Recreation Area 
The Big South Fork National River and Recreation Area (BISO) is located on the 
Cumberland Plateau in a rugged and scenic area in northeastern Tennessee and 
southeastern Kentucky.  The creation of the park was authorized by Congress in 1974.  
The park was designated in response of two studies directed by Congress.  One was the 
US Army Crops of Engineers proposal for a dam at Devil’s Jump on the Cumberland 
River, and the other an alternative use study of the area (NPS, 1997).  The outcomes of 
these studies found that the river and gorge are an outstanding natural resource, and that a 
dam at Devil’s Jump was not needed for flood control or power generation.  The U.S. 
Army Crops of Engineers was assigned the responsibility of acquiring lands and 
19 
 developing the park.  The Corps purchased land, laid out the trails, and constructed the 
recreational facilities.  The National Park Service was responsible for interim 
management of the park as sections were completed.  Once the park was fully completed 
the National Park Service took over management of the whole park.    Congress 
authorized the transfer of the park to the management of the National Park service in 
1990, and a dedication was held August 25, 1991 at the park headquarters (Manning, 
1994).  The park encompasses 50,711hectares (125,310 acres), with a total of 719,200 
recreation visits in 2003 and 901,425 in 2002 (NPS, 2005).  Uses of the park include 
recreational pursuits such as rafting, canoeing, hiking, sightseeing, hunting, horseback 
riding, and related activities.  Lake Cumberland, at the lower end of the watershed, is 
managed by the U.S. Army Corps of Engineers.  The Corps controls the flowage 
easements over 72 hectares (177 acres) within the park. Figure 2-7 is a map of the region 
around BISO and Figure 2-8 is a vicinity map of BISO and the surrounding area. 
Big South Fork is on the Cumberland Plateau, which rises over 300m above the 
surrounding area.  The Cumberland Plateau is part of a larger land form called the 
Appalachian Plateau. The Appalachian Plateau stretches from north-central Alabama, 
through Tennessee, Kentucky, and Pennsylvania to western New York (NPS, 2000).  The 
Clear Fork and the New River come together at Confluence to form the Big South Fork 
of the Cumberland River.  The watershed of BISO drains from over 357,936 hectares 
(880 acres), in five counties spanning two states.  A large part of the park has been 
shaped over time by the river as it cut the gorge through the sandstone.  The gorge area of 
the park is 22,660 hectares (56,600 acres) with rock cliffs and steep wooded slopes down 
to the river (NPS, 2000). 
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Figure 2-7 Region Location Map of BISO 
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Figure 2-8 Vicinity Map of BISO
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 The rock layers in the park were laid down in an ancient shallow sea over 350 
million years ago, during the Mississippian (360 - 320 million years ago) and the 
Pennsylvanian (320 – 296 million years ago) geologic periods (NPS, 2000).  The 
sediment layers in the plateau consist of limestone, shale, coal, and sandstone.  Most of 
the coal mined in Kentucky and Tennessee comes from the Cumberland Plateau region.  
When the water receded over 285 million years ago, the landscape of the region 
developed through erosion of the sandstone to form many remarkable waterfalls, arches, 
rock shelter caves, cliffs, and chimneys (NPS, 2000). 
Human activity in the region dates back to 10,000 BC.  Early people of the region 
were nomadic hunters who hunted large game animals such as elk, bison, deer, and bear.  
The large number of rock shelters in the area provided homes for these early people.  
About 900 to 1000 AD there was a major shift from nomadic hunters to agrarian living in 
the more fertile grounds of the Tennessee and the Cumberland River bottoms (NPS, 
2000).  European settlement in the region started around 1800 in small isolated 
settlements.   These early settlers had very limited industry including simple water-
powered gristmills, moonshining, and mining of “nitre” (potassium nitrate) for 
gunpowder (NPS, 2000).   
The industrial revolution changed the usage of the area and ended its isolation.  
The region was exploited for its rich timber and coal resources.  The coal mining and 
logging lasted until the end of World War II, when the resources of the region were 
mostly depleted.  Today, there are still some remaining logging and mining companies in 
the area.  The coal mining in the region has left coal deposits and coal chunks throughout 
the rivers of the watershed.  Impacts in the eastern and southeastern areas of the New 
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 River are more frequent and severe because coal mining, logging and storm water runoff 
are concentrated in these areas (NPS, 1997).  The Big South Fork River has almost twice 
as much dissolved solids and suspended solids, and 2.5 times greater sulfate yield, as a 
comparable unmined river basin (Evaldi and Garcia, 1991).  Many of the streams in the 
Tennessee and Kentucky portions of the park do not meet state and federal water quality 
standards, largely due to acid mine drainage and/or excessive sediment.  Several streams 
in BISO have been classified as impaired streams under the Clean Water Act. (NPS, 
1997).    
2.8 Central Appalachian Ecoregion 
BISO is entirely in the Central Appalachian ecoregion.  In the spring, reference 
streams in the region have some of the highest habitat assessment scores in the state.  Fall 
scores of streams in the region are significantly lower primarily due to a substantial 
reduction in flows which makes habitat unavailable to the aquatic community.  Biological 
communities in this region have adapted well to the extreme flow fluctuation  
(Arnwine and Denton, 2001).   
2.9 Other Mussel Habitat Mapping Projects 
There are many published projects with varying objectives and methods related to 
mapping freshwater mussel habitats.  The discussion in this section summarizes some of 
the tools and methods employed in previous research that influenced the design of this 
project.  Many habitat projects use GIS to organize data because it is a powerful tool for 
both storing and summarizing field research data.  GIS is used extensively to examine 
terrestrial and aquatic habitats because the user is able to arrange multiple layers of 
information and construct graphs of the habitat based on the variables of interest.  Habitat 
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 suitability models which use GIS data can be used by resource managers to help decide 
on proper resource management. 
Zimmerman (2003) assessed habitat suitability for restoration of mussels in the 
Clinch River in Virginia.  The study used an ecological risk assessment to find habitat 
locations that could be potential mussel restoration sites.  The ecological risk assessment 
had two parts.  The first part was the evaluation of physical habitat availability and 
distribution, and the second part was a ranking of the habitat based on potential risk 
factors.  Physical characteristics of the river were combined with water quality data and 
risk factors (such as sewage discharge or railroad spill contamination) to develop a 
habitat suitability index for freshwater mussels.  The study area was 150 km of the Clinch 
River.  The field survey of the study area was conducted in a canoe traveling downstream 
in a zigzag fashion while identifying the mean characteristics for each of the habitat units.  
An adapted approach to the Basinwide Visual Estimating Technique was used.  For each 
habitat unit, data was collected on several habitat features including unit length, flow 
characteristics of the river (pool, run, and riffle), stream width, substrate composition, 
substrate embeddedness, riparian land use, bank erosion, and mean unit depth.    This 
method provides a general site assessment and ranking method for potential restoration of 
mussels in a large survey area, but does not provide a method to photo-document 
conditions such that the information can be visually referenced in future work. 
Hart (1995) collected habitat data on freshwater mussels in Otter Tail River in 
Minnesota.  Five sites were evaluated with scuba and snorkeling gear to collect 
information on mussels.  The study identified 4,851 mussels, representing 13 species.  
Habitat suitability criteria were developed for seven of the species.  Microhabitat data and 
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 mussel identities were recorded at each study site.  The microhabitat data collected 
included water velocity, water depth, percent of each substrate category, and in-stream 
cover present within each area.  The greatest number of mussels in the Otter Tail River, 
in terms of species richness and density of mussels, were in areas dominated by coarse 
substrates.  Water velocity was found to be also an important physical factor regulating 
the distribution of mussels in the study area. 
Krstolic (2001) compared hydraulic properties of 12 sites along the Clinch River 
in Tennessee and Virginia, ranking them as high quality and low quality based on the 
species richness and presence of endemic and/or endangered species (or lack thereof).  
Each site was evaluated using simple hydraulic parameters (depth, width, velocity, and 
slope) and complex hydraulic parameters (shear stress, stream power, Froude number, 
and Reynolds number).  The 12 sites were located at riffles which had substrates of 
gravel to boulder.  Her findings show significant increases between complex hydrology 
(specifically shear stress and stream power) at high quality sites vs. low quality sites in 
early summer.  In late summer the sites were statistically similar.  She concluded that in 
high quality mussel sites there is greater shear stress and stream power in early season, 
which declines in late summer. 
Strayer (1981) studied the microhabitats of 22 species of mussels in southeastern 
Michigan.  Most of the species of mussels coexisted at sites with similar microhabitats.  
Within a specific type of habitat, such as a riffle, the identification of one species of 
mussel was a good indicator for the presence of other species that require similar habitats.   
Strayer (1993) looked at six mussel macrohabitat descriptors and found that 
stream size and the presence or absence of tide were the most useful descriptors in 
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 describing mussel macrohabitats in the northern Atlantic Slope.  The study areas were  
1-10 km long.  The longer study areas provided more meaningful results.  The six 
macrohabitat descriptors in this study were stream size, stream gradient, hydrologic 
variability, calcium concentration, physiographic province, and the presence or absence 
of tide.  Strayer found that stream gradient had such low predictive power that it was 
ineffective, but the other environmental variables had some predictive value. 
Strayer and Ralley (1993) found that the microhabitat variables chosen in their 
study had low power to predict the occurrence and density of mussels in the Neversink 
River in New York.  In each of the 270 1-m2 quadrants studied they evaluated water 
depth, current speed, bottom roughness, spatial variation in current speed, distance to 
shore, presence or absence of macrophytes, presence or absence of overhead canopy, the 
extent of patches of fine sediment, and sediment granulometry, as well as the presence of 
mussels.  Current speed and spatial variation in current were the most useful descriptors 
in predicting the presence or absence of mussels.  Strayer and Ralley (1993) suggested 
that including geomorphological descriptors of the streambed or working at a larger 
spatial scale (hundreds of meters) might be more useful than the traditional microhabitat 
approach for predicting the distribution of freshwater mussels in streams.  They also 
suggested that in rocky rivers a limiting factor for mussel habitat may be the availability 
of stable patches of fine sediment suitable for the mussels to burrow into. 
Salmon and Green (1983) measured five environmental variables (water velocity, 
depth, substrate type, percent vegetative cover, and distance to shore) in a study on the 
Middle Thames River in Ontario to distinguish between sites with and without mussels.  
Their work showed an increase in all species of mussel abundance in the study plots that 
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 were in slow-moving, shallow water with relatively coarse substrate and more vegetated 
areas.  There was a preference for coarser substrates if they were within a tolerable depth 
and current range. 
Church (1997) evaluated physical habitat parameters on six reaches of the Clinch 
River (Virginia and Tennessee) and one reach on the Little River (Virginia), all of which 
supported mussel populations.  The study included the following parameters: percent 
bedrock, particle size, mean depth of cross section, deepest point of the stream cross 
section, depth heterogeneity, stream bed width, width to depth ratio, cross sectional area, 
compass direction of flow, mean flow velocity, bank height, proximity to floodplain, and 
simple hydraulic measurements.  These physical parameters were compared against 
mussel densities to determine which physical habitat characteristics were associated with 
high and low density mussel sites.  Mussels were associated with areas of smaller mean 
particle size and with low amounts of exposed bedrock in the channel cross-section.  The 
study also found that the orientation of bedrock ledges relative to the direction of the 
stream flow seemingly determines the long-term stability of mussel habitat in unbraided 
reaches.  Church (1997) suggested that during high discharge events the orientation of the 
bedrock helps retain smaller substrate particles necessary for mussel burrowing in the 
streambed. 
2.10 Methods of Gathering Underwater Habitat Information 
Underwater habitat information can be gathered a number of ways.  The most 
appropriate method depends on what quality and quantity of data is desired.  Surveys are 
a useful method for gathering detailed information over a small area and can include 
SCUBA surveys, snorkel surveys, mussel surveys, or grab sample surveys.  Surveys 
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 involve either direct observation (a human visits the substrate and makes observations) or 
using a device to gather and transmit the information. 
Commonly used devices for collecting underwater habitat information are 
Remotely Operated Vehicles (ROV), which are costly to operate but provide good data 
quality, or towed cameras which are economical but may be limited by depth and 
operational limitations in the river.  Other sensors can be attached to the camera.  For 
larger areas, methods such as aerial photography and remote sensing may be appropriate.  
For wadable streams and rivers a person can visit and inspect the substrate of the river.  
However, this option is labor intensive and somewhat subjective.  The UVMS is based a 
towed camera system which has been proven in recent work by Legoza (2002). 
2.11 Justification of Project 
There is a need to develop a method to map and identify habitat areas suitable for 
mussels in the rivers of BISO.  Most previous mussel studies have not evaluated long 
segments of river habitat.  This work provides continuous mapping of several continuous 
kilometers of river, with optimal sites geo-referenced to aid in targeting mussel 
augmentation.  Geo-referenced video is a valuable tool to develop mussel habitat maps.  
Habitat mapping is a key component in habitat assessment and is an important tool to 
document conditions at specific sites.  These sites become reference areas to allow future 
surveillance of changes in mussel habitat at that location.  Sites with favorable conditions 
can be targeted for detailed site surveys and evaluated for augmentation with juvenile 
mussels.   
There are multiple attributes that are important in mapping mussel habitats, but 
there is no one ideal habitat for all freshwater mussels.  Mussels can be found in a large 
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 variety of conditions.  Each species has a small range of habitat conditions in which they 
thrive and reproduce, although they may survive in a somewhat wider range of 
conditions.  However, this wider range of habitat may not be suitable for mussel 
reproduction.  The EPA document Rapid Bioassessment Protocols for Use in Streams 
and Wadeable Rivers (Barbour et al., 1999) outlines some of the important habitat 
descriptors for aquatic habitats.  Four of these descriptors were criteria used in this 
project: flow characteristics of the river (pool, run, and riffle), embeddedness of the 
substrate, substrate components, and river depth.  Additionally, the presence of coal 
deposits was recorded in this project as an attribute because coal is known to have toxic 
effects on mussels.   
Coal mining runoff is a major contributor to impaired mussel populations.  Over 
50 % of Tennessee coal mining originated from within the Cumberland River’s 
watershed.  As a result of mining in the watershed there are beds of toxic coal deposits 
throughout BISO and the Cumberland River.  The habitat maps created with UVMS 
document the current location and extent of coal deposits in three study sections of river 
within BISO.  This data provides a baseline and will allow the opportunity to revisit these 
sites to determine changes in the mussel habitat and coal bed movement. 
2.12 Project Objectives 
The objectives of this project are to: 
• Develop a procedure using UVMS to acquire geo-referenced video of river 
substrate and river characteristics that can be used to develop mussel habitat maps. 
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 • Employ this procedure to develop habitat maps of three river sections within 
BISO.  These river sections were selected to represent the different river habitats 
within the park.   
• Compile the optimum habitat characteristics for the five endangered species of 
mussels within BISO. 
• Identify and map areas of habitat that meet the optimum habitat characteristics for 
the five endangered species of mussels within BISO, using information which was 
collected by the procedure developed for this project.  Identify locations of other 
river features that could influence mussel habitation, including coal deposits.
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CHAPTER 3  
   EQUIPMENT 
 
 
The Underwater Video Mapping System (UVMS) combines cameras, lasers, GPS 
units, a depth sensor, and a data logger to produce geo-referenced video footage.  The 
UVMS for this project was designed based on a concept previously utilized at Colorado 
State University in Fort Collins, CO.  In 2002 Ms. Sarah M. Legoza published a thesis 
titled Applications of the Differentially Corrected Global Positioning System (DGPS) 
Underwater Video Mapping System (UVMS) for Coral Reef Surveys.  This research 
utilized the UVMS to examine and spatially map underwater coral reefs and other benthic 
habitats.  For this research the same UVMS concept was optimized for collecting  
geo-referenced video mapping data of river features. 
 The specific components of the UVMS were a Deep Blue color video camera, a 
bow camera, two Saekodive underwater lasers, a mobile platform, a Trimble AgGPS 132, 
a Garmin V GPS, two Sony Digital Cameras, a Lowrance Depth Sensor, and a data 
logger.  All of the components of the UVMS work jointly to produce the geo-referenced 
video footage.  Figure 3-1 is a picture of the equipment as used for data collection.  The 
following sections provide details and specifications on each of the pieces of equipment 
used in the project.
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Figure 3-1 UVMS Equipment Mounted on the Canoe
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  The UVMS process can be easily explained as two parts.  The first component is 
the field collection of data, as depicted in Figure 3-2.  The flow diagram shows the initial 
UVMS set-up for data collection in the field.  The field collection of data requires the 
appropriate settings for each piece of equipment.  For example the video cameras had to 
be set in the proper record mode, and the GPS had to be set to output the appropriate 
datastring format and data transmission rate.  The following sections have more detail 
about each of the components used and their configuration.   
 
 
Figure 3-2 UVMS Field Data Collection Diagram 
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 The second component is the subsequent processing of the data.  Figure 3-3 is a 
diagram explaining the succeeding data processing procedures.  The first step in the 
process is to index the video tapes.  The indexing step is done in MediaMapper, where 
the GPS information and the time codes from the videotapes are put into a layer within 
the MediaMapper software.  Once the tapes are indexed and reviewed, the tapes are 
analyzed.  Tapes were marked for pool, run, and riffle points, and substrate classification 
based on the procedure outlined in CHAPTER 4. 
3.1 Deep Blue Color Video Camera 
 The Deep Blue underwater color video camera is manufactured by Ocean 
Systems Inc (Ocean Systems Inc., 2004).  The Deep Blue has a virtually indestructible 
camera housing that is able to withstand direct impact from rocks and other debris. 
 
 
Figure 3-3 UVMS Data Processing Procedure 
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 The umbilical cable of the Deep Blue is military grade with a tensile breaking strength of 
3,114 N (700 ft lb).  The maximum tow speed for the Deep Blue is 27 kph (15 knots).  
The camera’s umbilical cord is able to support 4.5 kg (10 lbs) of ballast weight.  The 
camera has 60 m (200 ft) of umbilical cable with it; other lengths are available from the 
manufacturer.  The Deep Blue camera body weighs 0.9 kg (2 lb), with the cable 
weighting 0.5 kg for each 3 m (approximately 1 lb for each 10 ft).  The standard camera 
housing is rated to a depth of 244 m (800 ft).  The body of the camera is cast aluminum 
with the exterior anodized and coated with thermoplastic paint.  
 The camera can operate in lighting conditions as low as 0.3 lux.  Additional 
lighting can be added to the camera to operate at depth where natural light penetration is 
not sufficient for video footage.  The camera displays NTSC (National Television System 
Committee) composite video format and has a resolution of 480 lines.  The lens is a 3.6 
mm wide angle lens with an electronic iris.  The camera has a fixed focus encompassing 
2.54 cm to focal infinity, with a recessed lens made of Borsolite which will not scratch 
(Ocean Systems, 2004).  The operating temperature range for the camera is 10° to 55° C 
(14° to 131° F).  The electrical requirements are an input of 12 volts DC at a current 
consumption of 210 mA.  
3.2 Underwater Lasers 
 Two underwater lasers were used to measure the size of rocks in the substrate 
show in Figure 3-4.  With the two underwater lasers parallel to each other, the distance 
between the two red dots remains constant.  By having a known distance, the lasers were 
used as a reference for sizing other objects in the video (Figure 3-5).  The lasers were 
adjusted to be parallel before each trip.  LASER is an acronym for Light Amplification 
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Figure 3-4 Pole Mount with Underwater Lasers Mounted
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Figure 3-5 Example Picture of Underwater Lasers (9 cm apart)
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 by Simulated Emission of Radiation.  Each underwater laser had a power source of 2  
AA-cell batteries.  The underwater laser housing is waterproof to 50 m with a projection 
range of 500-800 m.  The lasers operate at a wavelength between 635 and 670 nm.  Each 
laser has a maximum output of <5 mW.  The specific products used were Saekodive class 
3 lasers manufactured by Tsun Kuang Hardware Mfg. Co., LTD., model AL-11 
(123SCUBA.com, 2004). 
3.3 Camera Mounts 
Two cameras were used for video mapping.  Both cameras were attached to the canoe by 
a mount.  The mount for the underwater camera was attached to a camera pole, whereas 
the above-water camera was fixed to the bow of the canoe.  The underwatercamera 
collected images of the river substrate.  The above-water camera collected images of the 
surface of the water for pool, run, and riffle analysis.   
3.3.1 Underwater Camera Mount 
 The underwater camera was mounted on a pole which slides up and down 
alongside the canoe (Figure 3-6).  The height of the camera was controlled manually by 
an operator in the front of the canoe.  The operator would watch for changes in depth 
ahead and raise or lower the camera as needed.  A swivel was added to allow the pole to 
rotate rather than break in the event of an accidental impact.  The camera pole has a ball 
and socket attachment for the camera, which allows adjustment of the camera angle.  A 
stabilizer fin was added to prevent the camera from rotating (Figure 3-6).  The pole 
mount system works well to a depth of approximately 6 m (20 ft) in conditions of 
moderate turbidity and lighting.  The sampling limitation with this equipment was the 
length of the 3.5 m (12 ft) pole.  Figure 3-7 is of the pole mount camera in the water.   
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Figure 3-6 Deep Blue Color Video Camera
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Figure 3-7 Underwater Camera Using the Pole Mount
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 When the river depth exceeded the camera pole’s length, the river substrate could not be 
recorded by the camera on the pole.  To allow video mapping of deeper areas a simple 
cable system was used (Figure 3-8).  This system was only used in deep sections of the 
river.  The simple cable system consisted of a pulley-mounted on the back of the canoe.  
The camera height was adjusted by the person sitting in the rear of the canoe lowing and 
raising the camera by the camera’s cable.  The operator of the cable system reviewed the 
river substrate footage in real time and made adjustments to the camera depth manually. 
3.3.2 Above-Water Camera Mount 
 The above-water camera was firmly bolted to the bow of the canoe.  It captured 
the full field of view from the front of the canoe.  Figure 3-9 is picture of the above-water 
camera mount. 
 
 
Figure 3-8 Underwater Lasers Mounted on Camera with Underwater Lights 
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Figure 3-9 Above-water Camera Mounted 
 
 
3.4 Old Town Canoe 
 
 A canoe was chosen as the preferred mode of transportation to negotiate the river 
and accommodate the equipment needs.  Other modes of transportation considered 
included motorized boat, kayak, or inflatable raft, but each of these had significant 
disadvantages.  A motorized boat was unacceptable because it cannot perform in shallow  
water and riffles.  A kayak has limited mounting locations for equipment and has a 
smaller load capacity.  An inflatable river raft requires extra framing to support the 
camera mounts and is difficult to navigate through rapids.  The canoe worked well both 
for transportation and for equipment organization. 
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  The Old Town Guide 147 canoe is 4.4 m (14' 7") long, one m (38”) wide, weighs 
33 kg (74 lb), and has two seats with a capacity of 408 kg (900 lb) (Figure 3-10).  It is 
maneuverable in small spaces, reasonably priced, and has a lip on the top of the canoe 
which is ideal for mounting equipment.  The hull is constructed of polyethylene which is 
durable and has good abrasion and puncture-resistance (Old Town Canoe Company, 
2004). 
3.5 GPS Receivers 
3.5.1 Trimble AgGPS 132  GPS Receiver 
 The AgGPS 132 is a 12-channel differentially corrected global positioning system 
(DGPS) receiver with sub-meter accuracy.   It provides output in the form of TSIP 
(Trimble Standard Interface Protocol) messages or NMEA (National Marine Electronics 
Association).  The AgGPS 132 is capable of outputting 0183 NMEA sentences at a rate of 
up to 10Hz (Trimble Navigation Limited, 2003).  The rugged construction of the AgGPS 
132 makes it ideal for agriculture and research applications.  The GPS/DGPS antenna 
attaches to the AgGPS132 by a coaxial cable, which allows ideal placement of the 
antenna and receiver in separate locations on the vehicle.  The two NMEA strings used in 
this project were: $GPRMC (Global Positioning Recommended Minimum Specific 
GPS/Transit data) and $GPGGA (Global Positioning System Data) NMEA 0183 
sentences.   
 The GPS receiver calculates position data based on a high performance GPS 
engine design.  The differential correction was sub-meter accuracy DGPS in this project.  
The DGPS was from a subscription with OmniSTAR. The position accuracy of the 
AgGPS 132 is < 1 meter with DGPS (GPS World, 2005).    The AgGPS 132 also was 
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Figure 3-10 Old Town Canoe 
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 configured to utilize one backup source of differential correction; the back-up source was 
from WAAS (Wide Area Augmentation System).    The four push button controls on the 
keypad below the liquid crystal display are rudimentary but efficient.  Figure 3-11 is of 
the front of the Trimble AgGPS 132 GPS receiver.  Figure 3-12 is of the Trimble AgGPS 
132 GPS antenna. 
3.5.2 Garmin GPS V 
 
 A Garmin GPS V was used as a backup GPS to record the tracklog and for 
navigation.  The Garmin GPS V is fully gasketed and is waterproof to IEC 529 IPX7 
standards.  Figure 3-13 is an image of the Garmin GPS V.  The operational characteristics 
of this unit are: 5.6 x 3.8 cm, 256 x 160 pixel display,  stores up to 500 waypoints with 
names and graphic symbols, stores up to 10 tracklogs, computes odometer readings, 
computes average and maximum speed, and provides navigation to waypoints.  It is a  
12-parallel channel GPS receiver which can track and use up to 12 satellites and is 
WAAS (Wide Area Augmentation System) enabled to improve the GPS accuracy from 
<15 m to <3 m (Garmin Ltd., 2004).   Background maps of the local area were loaded on 
the Garmin GPS V to help with navigation.   
3.6 Sony® Digital Camera 
 
Two Digital 8 Sony cameras were used to record the input video footage from the 
Deep Blue underwater video camera.  The two models used were the DCR-TRV740 
NTSC (shown in Figure 3-14) and the DCR-TRV310 NTSC.  These cameras were used 
as recording devices in the canoe and did not go in the water.  The video auxiliary input 
was used in VTC recording mode to capture the output from the Deep Blue underwater 
video camera.  The media used to record the video was 60 minute 
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Figure 3-11 Trimble AgGPS 132 GPS Receiver 
 
 
 
 
Figure 3-12 Trimble AgGPS 132 GPS Antenna 
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Figure 3-13 Garmin GPS V 
 
 
 
Figure 3-14 Sony® Digital Camera Model DCR-TRV740 
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Digital 8 video 8 mm cassette tapes.  Both cameras both had optional extended time 
battery's to allow the cameras to record for long periods of time.  Each camera had a 1394 
IEEE FireWire interface to copy and index the video tape data via computer.   
3.7 Lowrance Sonar LMS-350A 
 
The Lowrance LMS-350A sonar unit shown in Figure 3-15, was used to monitor 
depth of the river.  All depth measurements were collected with the Lowrance  
LMS-350A and were then transmitted as $SDDBT (depth below transducer) NMEA 
0183 sentences to a Compaq iPAQTM Pocket PC 3830.  The Lowrance LMS-350A 
outputted depth with 0.1 foot resolution.  The word “sonar” is an abbreviation for SOund, 
NAvigation, and Ranging.  A sonar unit consists of a transmitter, transducer, receiver and 
display.  The Lowrance Sonar LMS-350A used a dual frequency transducer 50 kHz at a 
36° cone angle and 192 kHz at a 20° cone angles.  All Lowrance sonar units have ASP™ 
(Advanced Signal Processing) which automatically adjusts sensitivity for hard or soft 
bottom waterways (Lowrance Electronics Inc., 1993).  The LMS-350A has a manual 
sensitivity adjustment which was not used in this project.  This sonar unit is designed for 
use in both freshwater and saltwater.  The Lowrance readings in freshwater are slightly 
higher due to differences in the density of saltwater and freshwater.    In simple tests 
conducted on the accuracy of the Lowrance Sonar LMS-350A, in freshwater it was found 
to read 0.18 m (0.6 ft) greater then the actual depth, and at depths less then approximately 
0.5 m (1.75 ft) the readings were unreliable.  Figure 3-15 and Figure 3-16 are of the 
Lowrance Sonar LMS-350A and the Lowrance transducer. 
  
Figure 3-15 Lowrance Sonar LMS-350A 
 
 
 
 
Figure 3-16 Lowrance Transducer
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 3.8   NoLand Serial Multiplexer and Compaq iPAQTM Pocket PC 
 
 The two outputs from the Trimble AgGPS 132 unit and the output from the 
Lowrance Depth Sensor were in three different NMEA formats.  The output from these 
two instruments was transmitted to the NoLand NMEA NM42 0183 Serial Multiplexer 
which joined all of the input sentences into one output of combined 0183 NMEA strings. 
This output was transmitted to the iPAQTM and stored as one file. 
The Trimble AgGPS 132 was set up to transmit NMEA sentences at 1 Hz at 4800 
baud and the Lowrance Senor was set up to transmit NMEA sentences at 0.5 Hz at 4800 
baud.  The NoLand NMEA NM42 0183 Serial Multiplexer shown in Figure 3-17 is 
capable of joining four 0183 NMEA devices at 4800 or 9600 baud into one 0183 NMEA 
output. The voltage requirements of the multiplexer are 8-28 VDC at 50 mA.  The serial 
output baud rate is 4,800-38,400 (selectable) via the RS-232 port.  Status LEDs on the 
multiplexer show the status of the unit, and display when the multiplexer is receiving, 
retransmitting, or when there is an error in the transmission. 
The Compaq iPAQTM Pocket PC 3830 was used to record $GPRMC and 
$GPGGA NMEA 0183 sentences from the Trimble Ag 132 GPS unit and the $SDDBT 
NMEA 0183 sentences from Lowrance Sensor LMS-350A.  The iPAQTM has a 206 MHz 
Intel® Strong Arm 32-bit RISC processor with 64 MB (megabyte) of RAM and 32 MB 
of Flash ROM.  The display on the unit is a color touch screen with 240 x 230 resolution. 
A lithium polymer rechargeable battery (1400 mAh) is the main power source 
along with an optional 12-volt car adapter.  The Pocket PC has one on-board SD (Secure 
Digital Memory Card) memory slot (Compaq Computer Corporation, 2001).  A 64 MB 
SD card was used to store the NMEA sentence files.  The software on the Compaq 
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Figure 3-17 Serial Multiplexer 
 
 
 
iPAQTM was vxHpc (Cambridge Computer Corporation, 2002) for Windows CE.  This 
program wrote the incoming data on the serial port of the iPAQTM to a file.    
3.9  Secchi Disc  
A 20-cm Secchi disc was used to monitor the turbidity of the water.  The Secchi 
disc reading is a measurement of the clarity of the water.  The higher the Secchi disc 
reading, the deeper the disk is in the water before it disappears.  A lower reading 
indicates turbid or discolored water.  Factors influencing the amount of available light are 
suspended solids, phytoplankton, and the angle of the incident sunlight (Science 
Source®, 1999).  A Secchi disc is mainly used to evaluate the depth to which light 
penetrates, and thus the depth to which photosynthesis and algae growth can occur.  A 
general rule of thumb is that the light penetrates two to three times deeper then the Secchi 
disc reading.  Secchi disc readings for this project were taken several times each day 
during data collection and provide a relative index of the visibility conditions on that day. 
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 3.10 GPS and Video Data Integration 
MediaMapper is the software application that joins the GPS data and the video 
footage to allow spatial integration of the data.  Red Hen Systems Inc. makes the 
MediaMapper software and sells a variety of GPS/Video mapping products.  The 
program produces interactive maps which can display video and/or pictures of mapped 
locations.  Figures 3-18 through Figure 3-20 show three example images with embedded 
data including GPS location, Coordinated Universal Time (UTC) date and time, and the 
image filenames.  MediaMapper works by matching the UTC time of the GPS reading 
with the video camera time code, and joining the two to produce integrated video and 
GPS data.    
For this project maps made in MediaMapper were exported to ESRI 
(Environmental Systems Research Institute, Inc.Redlands Ca.) ArcMap 9.0 for analysis.  
Video data was imported into MediaMapper via a Firewire data link IEEE 1394.  Images 
from the digital video were captured either through MediaMapper’s image capture 
feature, or through the SONY camera’s photo capture feature.   MediaMapper also 
produces Spatial Digital Video Disc (sDVD) which is a useful format for fast reviewing 
and sharing of video footage.  
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Figure 3-18 Example Image from the Clear Fork Section of the Substrate 
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Figure 3-19 Example Image from the Leatherwood Ford Section of Coal Deposits 
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Figure 3-20 Example Image from the Leatherwood Ford Section of Coal Pieces 
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CHAPTER 4  
DATA ANALYSIS AND CLASSIFICATION 
 
 
The visual habitat evaluation of the UVMS spatial video footage provided a tool 
to document the current habitat conditions with respect to parameters that are important 
for survival of freshwater mussels.  This information establishes baseline information for 
the river.  Parameters in the classification include substrate type, water surface 
characteristics (pool, run, and riffle), water depth, embeddedness of the substrate, and 
identification of the presence of coal deposits.  Several parameters in the visual 
evaluation criterion were derived from Rapid Bioassessment Protocols For Use in Stream 
and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates, and Fish, Chapter 5, 
Second Edition (EPA 841-B-99-002) (Barbour et al., 1999).  This visual-based habitat 
assessment focuses on the in-stream habitat for macroinvertebrates.  Other aspects of 
habitat, such as the influences of the riparian zone, are best classified by other means and 
are not part of the scope of this project.   
The major advantage to utilizing the UVMS is the ability to acquire spatially-
referenced images of the substrate of the river without scuba or snorkeling equipment.  
The UVMS collects data quickly and stores a permanent record for detailed evaluation.  
The use of differentially corrected GPS ensures very accurate spatial location for the 
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 reference points.  The visual-based habitat evaluation for this project using the UVMS 
video footage is based on the following five attributes, with additional notes taken at 
points of interest (such as fish or trash) in the video footage: 
• Flow characteristics of the river (pool, run, and riffle) 
• Substrate components classification (identity of the percentage gravel, cobble,  
  bedrock, etc.) 
• Embeddedness of the substrate (extent of fine sedimentation) 
• Depth of the river 
• Presence of coal deposits in the substrate of the river 
4.1 Digital Video Footage Collection 
Video footage of underwater habitat conditions in over 27.8 km (17.3 mi) of the 
river was collect in BISO.  The video footage was recorded using the UVMS, along with 
an above-water camera mount on the bow of the canoe (equipment and video collection is 
describe in detail in Chapter 3).  There are 182.2 km (113.2 mi) of river within BISO, so 
this assessment encompasses 15 % of the river mileage within the park.  Habitat data was 
collected from three different sections of river within the park.  Figure 4-1 is a map 
showing the three sections which were mapped.  The three sections selected represent 
habitat variation in high gradient, intermediate gradient, and impoundment flow sections 
of the river.  Other considerations in selecting the three sections of river were access to 
the river by canoe and safety. 
The average speed of the canoe along with other information about each trip is 
available in Table 4-1.  The average field of view with the underwater camera was 0.5 - 2 
m wide depending on height of the camera above substrate; sometimes there was a 
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Figure 4-1 Map of the Three Sections Involved in this Mapping Project
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 Table 4-1 Trips Summary 
Tape Length  (min : sec) 
 Date of Trip Distance Mapped Section Above-
water Underwater 
Number of 
tapes 
Average 
Speed of 
Canoe 
Average 
Turbidity 
of the 
Stream 
Peters Bridge  – 
Brewster Bridge 
Clear Fork 
04/05/04 9.8 km (6 mi) Clear Fork 
61:27 
58:47 
61:45 
29:16 
61:30 
61:27 
58:07 
29:55 
4 UVMS 
4 Above-water 
3.5 kph 
(1.9 knots) > 3 m 
Leatherwood 
Ford – 
Station Camp 
Cumberland 
River 
 
06/14/04 11.4 km (7 mi) 
Cumberland 
River 
58:49 
57:18 
59:26 
61:48 
55:25 
58:56 
58:07 
60:00 
61:42 
61:44 
5 UVMS 
5 Above-water 
2.3 kph 
(1.2 Knots) 1 m 
Alum Ford - Big 
Creek 
Cumberland 
Lake 
08/16/04 6.6 km (4 mi) 
Cumberland 
Lake  
61:44 
61:43 
59:44 
3 Above-water 3.3 kph (1.2) knots 0.8 m 
Alum Ford - Big 
Creek 
Cumberland 
Lake 
08/26/04 
6.6 km 
(4 mi) 
Cumberland 
Lake 
54:48 
58:59 
58:59 
40:57 
 
4 UVMS 2.2 kph (1.2 knots) 1 m 
Total  27.8 km (17.3 mi)  659 mins 635 mins 
13 UVMS 
12 Above-water 
tapes 
25 tapes 
Average 
2.8 kph 
(1.5 knots) 
Average 
1.5 m 
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 smaller field of view when the camera was closer to the bottom.   The canoe was kept 
near the center line and thalweg of the river while paddling downstream.  Video mapping 
near the shorelines may provide better habitat information for some species of mussels, 
but would require multiple passes through each section of river.  Additionally, the 
shoreline areas may be dry during periods of low flow in the river and low precipitation, 
allowing any mussels in the shoreline areas to dry out and be exposed to predators.  The 
centerline data captures the key parameters for mussel habitat in a single pass, and this 
efficiency allows data collection in more sections of river.  Based on the centerline data, 
targeted mapping of the most important shoreline sections can be done in detail for 
particular species of mussels as needed.   Table 4-2 has published real time data from the 
USGS website for water level and flow rate.  Lastly, Table 4-3 has weather conditions on 
the day of each trip.   
4.2 Analysis of UVMS Spatial Video 
The following is an overview of the procedure used to classify the video footage 
gathered in BISO.  Each component is described in further detail in the following 
sections.    
• First the video footage was spatially-referenced and indexed as described by the 
MediaMapper software package in Chapter 3.   
• The above-water camera data was reviewed to categorize the flow characteristics of 
each stretch of the river into pool, run or riffle classification.   
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 Table 4-2 Gage Information for the Data Collection Trips 
Gage Location Date of Trip Time of Trip (hour 
min) UTC 
Discharge (m3/s) Gage Height (m) 
Clear Fork Near Robbins Tn.  
USGS 03409500
04/05/04 15:50 till 19:50 12 (434 cfs) 0.8 (2.88 ft)
South FK Cumberland River 
at Leatherwood Ford, Tn.  
USGS 03410210
06/14/04 15:15 till 22:00  11 (400 cfs) 1.6 (5.50 ft) 
South Fork Cumberland River 
near Stearns, KY 
USGS 03410500
08/16/04 18:00 till 23:00 7 (243 cfs) 0.7 (2.29 ft) 
South Fork Cumberland River 
near Stearns, KY 
USGS 03410500
08/26/04 15:00 till 20:00 14 (501 cfs) 0.9 (3.12 ft) 
(http://waterdata.usgs.gov) 
 
 
Table 4-3 Weather Information on Data Collection Days 
  Weather Conditions 
 Date of trip Maximum Temperature Minimum Temperature Precipitation 
Peters Bridge  – Brewster Bridge 
Oneida, TN
04/05/04 17 C° 0 C° 0 
Leatherwood – Station Camp 
Oneida, TN
06/14/04 31 C° 17 C° 0 
Alum Ford – Big Creek 
Stearns, KY
8/16/04 24 C° 9 C° 0 
Alum Ford – Big Creek 
Stearns, KY
8/26/04 29 C° 18 C° 0 
(http://www.ncdc.noaa.gov) 
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 • The substrate of the river was classified by visual evaluation of the underwater 
camera video footage to evaluate the river substrate.  At each substrate change a still 
image was saved and a data point created for reference.  The substrate components 
were visually assessed and recorded along with other information such as the 
presence of vegetation. 
• In conjunction with the substrate classification, an evaluation of the degree of 
embeddedness of the substrate was recorded.  At each data point a .jpg image file was 
saved and was linked to the data point in ArcMap. 
• Identification of the presences of coal deposits on the substrate was recorded.    
• The depth of the water was added to the ArcMap GIS layers. 
• At points of interest in the UVMS video footage, a still image was saved to a file and 
linked to the map layer.  Points of interest which were found when reviewing the 
tapes included trash, fish, and turtles.   
1. Classification of Flow Characteristics (Pool, Run, and Riffle) 
In reviewing the video footage for identification of flow characteristics of the 
river, the spatial location for the beginning of each pool, run and riffle was identified.  An 
ArcGIS layer with polylines of this information was created.  Example information is 
shown in Table 4-4.  All of the classifications of pool, run and riffle were based on visual 
observation only.  
2. Depth 
The depth was recorded every two seconds and saved on the GPS tracklog.  Depth 
measurements with the sonar were not recorded in very shallow areas due to equipment 
limitations and the need to remove the sensor from the water to avoid damage.  The river
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 Table 4-4 Pool, Run, and Riffle Classification 
Flow Characteristics of the River   
Habitat Parameter Description Example  
Pool 
Areas characterized by 
smooth undisturbed surface, 
generally slow current, and 
deep enough to provide 
protective cover for fish (75 
to 100% deeper than the 
prevailing stream depth).   
 
Run 
Fast-moving section of a 
stream with defined thalweg 
and little surface agitation.  
Runs are deeper than a riffle 
and shallower than a pool.   
 
Riffle 
Area characterized by 
broken water surface, rocky 
or firm substrate, moderate 
or swift current, and 
relatively shallow depth 
(usually less than 0.5 m).  
Shallow section in a stream 
where water is breaking 
over rocks, wood, or other 
partly submerged debris and 
producing agitation.   
 
Natural Resources Conservation Service, (1998).
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 depth varies with seasonal conditions, so this data should be used as a relative indicator 
of depth and not as an absolute depth. 
3. Substrate Components Classification 
Dominant substrate components in the video were used to classify the maps.  The 
substrate classification is based on the change of substrate 1-2 seconds before a point and 
1-2 seconds after the point where there was a change in the dominant substrate.  The next 
point was chosen when there was a transition from the substrate type a minimum of   
5 seconds from the last classification point.  The river's substrate was organized into 
seven categories based on the EPA’s Rapid Bioassessment Protocols (Barbour et al., 
1999) for substrate components, Table 4-5 lists the substrate component sizes. 
At each point of substrate change, a frame of the video footage of the substrate 
was captured and saved an image file.  The substrate classification was aided by dividing 
the substrate image into 10 blocks to observe visible substrate components in each of the 
different sections.  An example of the 10 blocks used to divide up the substrate picture is 
shown in Figure 4-2.  The video footage was also reviewed to aid in estimating the 
substrate components.  The percentage of each substrate component was estimated such 
that the combined substrate components totaled 100% for each data point evaluated.   The 
substrate was classified and notes were recorded in a database.  The resulting database 
was added to the GIS layer to create the substrate maps. 
4. Embeddedness 
Embeddedness is a measure of siltation and is caused by erosion runoff.  This 
attribute was collected in the same manner as the substrate components data.  Table 4-6 
outlines the classification system for embeddedness.  This classification follows the 
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 Table 4-5 Substrate Components Sizes 
Substrate components sizes
 
Diameter Example size 
bedrock solid rock underlying larger then a car 
boulder >256 mm (10") basketball to car size 
cobble 64-256 mm (2.5"-10") tennis ball to basketball 
gravel 2-64 mm(0.1"-2.5") BB to tennis ball 
sand 0.06-2mm (gritty)  
silt 0.004-0.06 mm  
clay <0.004 mm (slick)  
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Figure 4-2 Computer Screen of Capturing Substrate Components
 Table 4-6 Embeddedness 
Habitat 
Parameter 
Condition Category 
 1 (Poor) 2 3 4 (Optimal) 
 0  1  2  3  4  5 6  7  8  9  10 11 12 13 14 15 16 17 18 19 20  
Embeddedness  Gravel, cobble, and 
boulder particles are 
more then 75% 
surrounded by fine 
sediment. 
Gravel, cobble, 
and boulder 
particles are  
50-75% 
surrounded by fine 
sediment. 
Gravel, cobble, 
and boulder 
particles are  
25-50% 
surrounded by fine 
sediment. 
Gravel, cobble, 
and boulder 
particles are  
0-25% surrounded 
by fine sediment.  
Layering of cobble 
provides diversity 
of niche space. 
 
 
 
 
 
criteria in EPA’s document Rapid Bioassessment Protocols For Use in Stream and 
Wadeable Rivers (Barbour et al., 1999).  Figure 4-3 is two example pictures of 
embeddedness images from the Rapid Bioassessment Protocol.  
5. Coal Deposits  
The presence of coal deposits was recorded whenever they could be identified in 
the videotapes.  Of the three study sections in BISO, coal deposits were present in 
Leatherwood Ford and Alum Ford, but not in Clear Fork.  Table 4-7 list the three 
classifications of coal used in mapping coal deposits. 
6. Points of Interest 
Points of interest were recorded when items such as soda cans, metal, sign posts, 
or aquatic animals such as mussels, fish and turtles were observed.  When a point of 
interest was found in reviewing the tapes, the other substrate components were also 
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 (Pictures from the EPA Rapid Bioassessment Protocols (Barbour et al., 1999)) 
Figure 4-3 Example Pictures of Embeddedness 
 
 
 
 
 
Table 4-7 Substrate Classification of other Components 
Substrate Classification of other Components  
coal deposits if coal deposits present 
vegetation if vegetation is present 
detritus logs, trees, sticks, or organic matter 
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 evaluated at the same point and a .jpg image of the point was made and linked in 
ArcMap.  Figure 4-4 and Figure 4-5 are example images of points of interest. 
4.3 Habitat Suitability Form 
A survey form was used to gather habitat requirements of each of the five 
endangered mussel species in BISO for this project.  Steven Bakaletz, the BISO park 
wildlife biologist, provided detailed information about the mussels observed in the park.  
Tailored habitat characteristics important to these species were developed through 
personal communication with Steven Bakaletz (2005).  Bakaletz described the habitat 
range for each species in a five-part survey form.  The five parts of the form are listed 
below and the results of the form can be found in CHAPTER 6.  Figure 4-6 is the habitat 
suitability form definitions. 
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Figure 4-4 Freshwater Mussel in the Leatherwood Ford Section 
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Figure 4-5 Two Soda Cans in the Clear Fork Section 
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Figure 4-6 Habitat Suitability Form 
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Figure 4-6 (Continued) 
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CHAPTER 5  
DATA RESULTS FOR RIVER ATTRIBUTES 
 
 
This project generated over 1200 substrate classification points, and the 
identification of over 130 pool, run, and riffle segments.  Maps of potential habitat were 
generated for each of the five species of endangered freshwater mussels in BISO.  
5.1 GPS Accuracy  
From the four video mapping trips over the three sections, 99.99% of the data 
points were differentially corrected using a subscription with OmniSTAR.  The quality of 
the GPS data was evaluated from the tracklog files using the $GGA data string.    The 
average DOP (Dilution of Precision) for the four trips was 2.1.  This low DOP indicated 
that there was good satellite coverage, which produces high quality GPS data.  The 
quality of the GPS of each tape can be reviewed in Table 5-1.  This does not include a 
short section 2.2 km (1.3 mi) in Leatherwood Ford where the back-up Garmin V GPS 
was used with WAAS correction.  
5.2 Flow Characteristics (Pool, Run, and Riffle) Findings 
The study encompassed over 27.8 km ( 17 mi)of river in BISO, which contained a 
total of 137 pool, run and riffle segments. Table 5-2 summarizes the incidence and length 
of pool, run, and riffle segments for each of the three study sections in BISO.  
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 Table 5-1 Quality of the GPS 
Section Length (km) 
# of points 
with 
Differential 
Correction 
# of points 
without 
differential 
correction 
Average 
DOP 
Average 
Number of 
Satellites 
Average age 
of DGPS 
Update (sec) 
Clear Fork 9.8 10,164 20 2.5 5 7.5 
Leatherwood 
Ford 11.4 17,573 5 1.9 5.7 6.6 
Alum Ford trip 1 6.6 30,860 15 2.15 5 6.5 
Alum Ford trip 2 6.6 59,011 10 1.89 5.7 6.4 
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 Table 5-2 Flow Characteristics (Pool, Run, and Riffle) Information 
  Pool Run Riffle Total 
Number 
segments 27 41 22 90 
Clear Fork 
Section 
Approximate 
total length of 
segments 
5.6 km 
(3.4 mi) 
3.5 km 
(2.1 mi) 
0.7 km 
(0.5 mi) 
9.8 km 
(6 mi) 
Number 
segments 17 17 12 46 
Leatherwood 
Ford Section 
Approximate 
total length of 
segments 
9.7 km 
(6.0 mi) 
1.4 km 
(0.8 mi) 
0.3 km 
(0.2 mi) 
11.4 km 
(7 mi) 
Number 
segments 1   1 
Alum Ford 
Section 
Approximate 
total length of 
segments 
6.6 km 
(4 mi)   
6.6 km 
(4 mi) 
Number 
segments 45 58 34 137 
Total over the 
three Sections 
Approximate 
total length of 
segments 
22.km 
(13.7 mi) 
4.7 km 
(2.9 mi) 
1.1 km 
(0.7 mi) 
27.8 km 
(17.3 mi) 
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 Figure 5-1 and Figure 5-2 are graphs showing the relative occurrence and length of pool, 
run and riffle segments.  Figures 5-3 through Figure 5-5 provide maps of the pool, run, 
and riffle segments for each of the three study sections.  
The above-water component of the UVMS system was very successful in 
mapping the flow characteristics of the river.  Of the 27.8 km (17 mi) mapped, all of the 
video footage was usable to classify the pool, run or riffle flow characteristics in the three 
river sections evaluated in this project.  From the charts, tables, and maps it is clear that 
each of the three river sections has different gradients.  The Clear Fork Section has an 
average of 9.2 changes in river flow characteristics per km, whereas the Alum Ford 
Section is a single large pool formed by the impoundment of Lake Cumberland.  The 
Leatherwood Ford Section had areas of high gradient flow and areas of low gradient, 
with some pools nearly one km long.  The Leatherwood Ford Section had an average of 
four changes in flow characteristic per km.  
5.3 Substrate Composition 
Over the three sections of river, 1,207 substrate composition data points were observed.  
Clear Fork had the most substrate classification points, due to the high rate of changing 
substrate in the high gradient stream.  Table 5-3 shows a summary of the number of data 
points per section of river.  The number of data points in Leatherwood Ford and Alum 
Ford under-represent substrate changes due to both equipment and environmental 
conditions.   
In the Leatherwood Ford Section there are approximately half as many substrate 
classifications as in the Clear Fork Section.  In actuality the Leatherwood Ford Section 
had somewhat more substrate changes than is represented by the data set.  Some data 
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Figure 5-1 Occurrences of Pool, Run, and Riffle in Each Section 
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Figure 5-2 Length of Pool, Run, and Riffle in Each Section
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Figure 5-3 Clear Fork Section Flow Characteristics 
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Figure 5-4 Leatherwood Ford Section Flow Characteristics 
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Figure 5-5 Alum Ford Section Flow Characteristics 
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 Table 5-3 Number of Substrate Observations 
 # of Observations in Pools 
# of Observations 
in Runs 
# of Observations 
in Riffles 
# of Substrate 
Classification 
Observations 
Clear Fork Section 506 234 35 775 
Leatherwood Ford 
Section 330 31 9 370 
Alum Ford Section 62   62 
Total over the three 
sections 898 265 44 1207 
 
 
points were not recorded due to limited visibility in the deep pools, and due to limited 
operability of the camera in very shallow riffles.  Figure 5-6 has an example detail map of 
the substrate composition in a section of Clear Fork.  Each dot in Figure 5-6 is a point at 
which a classification of the substrate was made using the UVMS system.  Figure 5-7 and 
Figure 5-8 are charts of substrate by pool, run, and riffle on the Clear Fork Section and 
the Leatherwood Section. 
A detailed substrate classification was not performed on the Alum Ford Section 
where the impounded river forms Lake Cumberland which is a man-made reservoir.  The 
substrate is primarily a silt lake bottom with steep rock sides, creating a monohabitat.  
These conditions created an additional data collection challenge in that the camera was 
on a long cable and the view screen was hard to interpret, making manual depth control 
difficult.   As visibility was poor, the camera documentation of substrate was limited.  
Observations showed continuous silt in this section.  The five species of endangered 
mussels cannot thrive in this habitat of the Alum Ford section. 
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Figure 5-6 Detail of Clear Fork Substrate Points
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Figure 5-7 Substrate by Pool, Run, and Riffle on the Clear Fork 
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Figure 5-8 Substrate by Pool, Run, and Riffle, on the Leatherwood Ford Section
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 5.4 Depth  Measurements 
Table 5-4 summarizes the depth findings.  There are a number of adjustments and 
considerations that went into the average depth calculations.  The depth measurements 
are from the sonar unit which is attached to the side of the canoe.   In instances where the 
canoe stopped, only one average depth reading was included per location, to avoid over-
sampling.  To determine when the canoe was stopped, the speed over ground (SOG) was 
used from the GPS NMEA string.  Figure 5-9 and Figure 5-10 summarizes the average 
depth of the Clear Fork Section and the Leatherwood Ford Section.  Figure 5-11 through 
5-13 are maps of the depth tracklog collected from the sonar unit. 
Another factor was the limited accuracy of the depth sensor readings in very 
shallow water.  As described in Chapter 3, the depth sensor reported a zero when the 
water depth was less than half a meter.  The reported results have not been adjusted to 
compensate for this inaccuracy.  
In the Leatherwood Ford Section approximately one hour of depth data is missing 
due to an equipment problem.  The canoe hit a rock, causing the wire to the depth sensor 
power supply to come loose.  The problem was identified and fixed about an hour later, 
but that hour of depth data was lost.  This power outage also affected the GPS receiver, 
so the back-up Garmin GPS data were used instead. 
In Alum Ford the data set includes four treks of the section because a trolling 
motor was used on the canoe and the depth sensor collected data both down and back on 
each of two trips. 
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 Table 5-4 Summary of Depth Findings 
 Average Depth 
Maximum 
Depth 
Number 
of Points
Average 
Pool 
Depth (m) 
Average 
Run 
Depth (m)  
Average 
Riffle 
Depth (m) 
Clear Fork 
Section 
1 m 
(3 ft) 
4.4 m 
(14.4 ft) 10,164 
1.3 
(4.3 ft) 
0.6 
(2 ft) 
0.2 
( 0.7 ft) 
Leatherwood 
Ford Section 
3.3 m 
(10.6 ft)
21.8 m 
(71.4 ft) 17,573 
3.6 
(11.8 ft) 
1  
(3.2 ft) 
0.9 
(3 ft) 
Alum Ford 
Section 
9.5 m 
(31.2 ft)
21.6 m 
(71 ft) 30,860 
9.8 
(32.1 ft)   
Summary of the 
three sections 
6.2 m 
(20.3 ft)
21.8 m 
(71.4 ft) 58,597 
6.9 
(22.6 ft) 
0.7 
(2.3 ft) 
0.6 
(1.9 ft) 
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Figure 5-9 Clear Fork Section Average Depth of Pool, Run, and Riffle 
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Figure 5-10 Leatherwood Ford Section Average Depth of Pool, Run, and Riffle
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Figure 5-11 Clear Fork Section Depth 
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Figure 5-12 Leatherwood Ford Section Depth 
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Figure 5-13 Alum Ford Section Depth 
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 5.5 Visibility Limitations in Substrate Classification  
In the Clear Fork Section the substrate was visible and could be classified 
throughout.  In the Leatherwood Ford and Alum Ford sections there were segments 
where the substrate could not be effectively classified due to extreme depth, turbidity, 
low light conditions, and equipment limitations.  The situations with limited visibility are 
summarized in the Table 5-5 and Table 5-6.  The source of limited visibility was 
organized into three general categories, as show in Table 5-6 and Figure 5-14.  In most  
instances the cause was that the area was a pool with a depth which was greater than the 
field of view of the camera described as “Depth greater than field of view of the camera”.  
The description “The camera was out of the water” applies to very shallow riffle sections 
(less than 0.5 m) when the camera had to be pulled out of the water, and to instances 
when the camera was out of the water for mechanical adjustment of the camera angle.  
Lastly, “Poor camera angle” applies to circumstances when the camera had hit a rock and 
needed to be repositioned on the camera mount.  Note that within some of the segments 
with limited visibility, there are intermittent points where substrate data was classified, 
but not enough to classify the whole segment. 
In general, this data loss was in areas of extreme depth which are not suitable 
mussel habitat.  However, in Leatherwood Ford only a portion of the riffle habitat could 
be classified due to the shallow depth necessitating pulling the underwater camera out of 
the water.  The combined length of the riffle segments in Leatherwood Ford was 0.3 km 
(0.2 mi).  Over the distance of the 0.3 km (0.2 mi) of riffles, only nine classification 
points were captured, which encompassed six out of the 12 riffle segments (Figure 5-15).  
This means that some optimal and suboptimal habitats for the four species that thrive in
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Table 5-5 Leatherwood Ford Limited Visibility 
Leatherwood Ford Section Limited Visibility 
 Number of Segments of Limited Visibility 
Length of Limited 
Visibility (km) 
Total Length of the 
Leatherwood Ford 
Section 
Pool 87 4.7 9.7 
Run 7 0.052 1.4 
Riffle 9 0.3 0.3 
Total 103 5.1 11.4 
 
 
 
Table 5-6 Leatherwood Ford Reasons for Limited Visibility 
Leatherwood Ford Section 
Limited Visibility 
Reason for Limited Visibility in each of the Segments 
 Average 
Depth (m) 
Depth Greater 
than Field of View 
of the Camera 
The Camera was 
Out of the Water 
Poor Camera 
Angle 
Pool 3.8 74 6 9 
Run 0.9 3 4 0 
Riffle 1.9 1 7 0 
Total 3.5 78 17 9 
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Figure 5-14 Leatherwood Ford Limited Visibility Underwater Video Segments 
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Figure 5-15 Leatherwood Ford Length of Limited Visibility
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 riffles were likely missed because the shallow depth prevented continuous substrate 
classification.  A comparison of the number of classified points in the riffle segments of 
the Clear Fork Section (which was classified throughout) and the Leatherwood Ford 
Section (which was classified intermittently) shows that the data density was impaired by 
over 50% in the Leatherwood Ford riffle sections because of the shallow water.  Figure  
5-16 is a map of the limited video footage by pool, run, and riffle segment.  A potential 
remedy for the loss of video footage in shallow riffle segments would be to stop and 
collect underwater substrate video footage at the beginning, middle, and end of each 
riffle.  A potential remedy for the loss of video footage in the deep portions of 
Leatherwood Ford would be to switch from using the pole mount camera to using the 
cable tow method for the camera.    
5.6 Coal Deposits 
An evaluation for the presence of coal deposits in the underwater video footage was 
conducted in the three study reaches of the river.  The results indicate the Clear Fork 
Section did not have coal deposits in the video footage, whereas the Leatherwood Ford 
and Alum Ford sections had a significant amount of coal in the river.   
The extent of the coal deposits was organized out into three groups (pieces of 
coal, piles of coal, and beds of coal) as displayed in Table 5-7.  The tapes were reviewed 
separately for coal deposits due to the enormous number of coals sitings in some sections 
of the river.  Table 5-8 has definitions of the three groups of coal deposits.  Figure 5-17 
and Figure 5-18 are maps of the coal deposits for the Leatherwood Ford Section and the 
Alum Ford Section. 
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Figure 5-16 Leatherwood Ford Limited Visibility Underwater Video Segments PRR
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Table 5-7 Coal Mapping Results 
River Section Number of Coal Sites 
 Pieces Piles Beds Total 
Clear Fork 0 0 0 0 
Leatherwood Ford 15 15 26 56 
Alum Ford 7 6 12 25 
Total 22 21 38 81 
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Table 5-8 Coal Pieces, Piles, and Beds Definition 
Coal Pieces, Piles, and Beds Definition 
Coal Type Description Example Picture 
Coal Pieces Characterized when there 
were one to ten individual 
coal pieces in a single 
frame.  Generally not in a 
group, but scattered with 
each coal piece easily 
identified. 
 
Coal Piles Characterized as several 
pieces in a single frame.  
Generally grouped 
together, but not extending 
beyond a single frame 
image. 
 
Coal Beds Characterized as 50 – 75% 
of the screen being coal 
and appearing in several 
frames with an 
approximate distance of  
0.5 m to 10 m 
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Figure 5-17 Leatherwood Ford Coal Deposits Locations
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Figure 5-18 Alum Ford Coal Deposits Locations 
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CHAPTER 6  
MUSSEL HABITAT DETERMINATIONS 
 
 
6.1 Species Specific Habitat Criteria 
For each of the five endangered mussels in BISO, a map of potential habitats was 
created.  Because many species of mussels are suited to the same habitat, the same or 
similar criteria may have been used to create the habitat maps for several of the mussel 
species. The criteria were developed based on the optimal habitats for each species as 
described in the following pages.  The technical query used to create each map is 
available in the Appendix. 
The following five subsections describe the habitat requirements and include a 
short literature review of preferred habitat for each of the endangered mussel species.  
The information in the two page habitat form filled out by Steven Bakaletz, BISO 
wildlife biologist, was used as the basis for the criteria used to create the habitat 
suitability maps shown in section 6.2.  The following information is based on his 
observations of the five endangered species found in BISO.  Steven has worked with 
freshwater mussels in BISO for over 20 years. 
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 6.1.1 Cumberland Bean, Villosa trabalis 
The Cumberland Bean is typically found in fast current areas and riffles of small 
rivers and streams, with gravel or combination sand/gravel substrate (Parmalee and 
Bogan, 1998).  The habitat form data for Cumberland Bean, Villosa trabalis, in BISO 
(Bakaletz, pers. comm., 2005) is in Figure 6-1. 
6.1.2 Cumberlandian Combshell, Epioblasma brevidens 
The Cumberlandian Combshell is typically found in medium and large rivers.  
The Cumberlandian Combshell has been collected from sand and gravel bottoms of 
rivers, and also from rocky substrates in rivers which were clear (Parmalee and Bogan, 
1998).  The Cumberlandian Combshell inhabits medium size streams to large rivers on 
shoals and in riffles, and is not associated with small streams.  Cumberlandian Combshell 
can be found in sand, gravel, cobble, and boulders.  The species prefers depths of less 
than one meter of water, although it has been found at greater depths (USFWS, 2004).  
Habitat form data for Cumberlandian Combshell, Epioblasma brevidens, in BISO 
(Bakaletz, pers. comm., 2005) is in Figure 6-2. 
6.1.3 Cumberland Elktoe, Alasmidonta atropurpurea 
The Cumberland Elktoe occurs in small streams to medium-sized rivers, although 
knowledge of the specific habitat requirements is limited.  It has been found in the cracks 
of bedrock ledges in the Clear Fork River in BISO.  The local populations of Cumberland 
Elktoe are found in the Clear Fork and in White Oak Creek, which have a slow current 
and a substrate of large cobbles, sand and mud.  The Cumberland Elktoe typically occurs 
at depths of 0.3 m to 0.6 m, (Parmalee and Bogan, 1998).  The Cumberland Elktoe is 
most abundant in flats or shallow pools with sand and scattered cobble/boulder substrate.
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Figure 6-1 Cumberland Bean, Villosa trabalis Habitat Criteria
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Figure 6-1 (Continued)
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Figure 6-2 Cumberlandian Combshell, Epioblasma brevidens Habitat Criteria
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Figure 6-2 (Continued)
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 These pools have shallow depths and slow currents.  The species has been reported in 
swifter currents and in areas of mud, sand, and gravel substrates (USFWS, 2004). 
Habitat form data for Cumberlandian Elktoe, Alasmidonta atropurpurea, in BISO 
(Bakaletz, pers. comm., 2005) is in Figure 6-3.   
6.1.4 Littlewing Pearlymussel, Pegias fibula 
The Littlewing Pearlymussel typically inhabits cool, clear, high-gradient streams.  
The mussel can be found lying on top of, or partially imbedded in, sand and fine gravel 
between cobble in 15 cm to 25 cm of water, often just ahead of a riffle.  The Littlewing 
Pearlymussel can also be found in gravel beneath boulders and slabrock (Parmalee and 
Bogan, 1998).  Habitat form data for Littlewing Pearlymussel, Pegias fibula, in BISO 
(Bakaletz, pers. comm., 2005) is in Figure 6-4. 
6.1.5 Tan Riffleshell, Epioblasma florentina walkeri   
The Tan Riffleshell typically occurs in substrates of coarse sand, gravel, and some 
silt.  It is usually found in areas of some current and less than one meter of water 
(Parmalee and Bogan, 1998).  Females have been observed lying on top of the substrate  
while attracting host fish.  Habitat from data for Tan Riffleshell, Epioblasma florentina 
walkeri in BISO (Bakaletz, pers. comm., 2005) is in Figure 6-5: 
6.2 Mussel Habitat Suitability for the Five Endangered Mussels in BISO  
The following sections summarize the sites that had favorable habitat attributes 
for each of the five endangered mussel species of interest.  Each habitat site is a point 
where video data was collected and classified.  There can be (and frequently are) multiple 
habitat points within the same pool, run, or riffle segment.  The lake characteristics in the 
Alum Ford Section did not provide suitable habitat for any of the five mussel species. 
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Figure 6-3 Cumberlandian Elktoe, Alasmidonta atropurpurea Habitat Criteria 
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Figure 6-3 (Continued)  
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Figure 6-4 Littlewing Pearlymussel, Pegias fibula Habitat Criteria 
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Figure 6-4 (Continued)  
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Figure 6-5 Tan Riffleshell, Epioblasma florentina walkeri Habitat Criteria 
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Figure 6-5 (Continued) 
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 Although the Alum Ford Section was entirely pool and the Cumberland Elktoe mussel 
finds pools with clay and silt bottoms ideal, Alum Ford is too deep and the current is to 
slow to be suitable habitat.  Additionally, the lake depth changes throughout the year 
since the lake is part of the U.S. Army Corps of Engineers flood control system, which 
means the shorelines dry out intermittently.  However, both the Clear Fork and 
Leatherwood Ford sections had some sites that met the criteria for optimal, suboptimal, 
and/or marginal suitability for each of the species.   
6.2.1 Cumberland Bean, Villosa trabalis Habitat Suitability 
Table 6-1 is the Cumberland Bean habitat suitability results.  Figure 6-6 is the 
Clear Fork Section map of habitat suitability.  Figure 6-7 is the Leatherwood Ford 
Section map of habitat suitability for the Cumberland Bean. 
6.2.2 Cumberlandian Combshell, Epioblasma brevidens Habitat Suitability 
Table 6-2 is the Cumberlandian Combshell habitat suitability results.  Figure 6-8 
is the Clear Fork Section map of habitat suitability.  Figure 6-9 is the Leatherwood Ford 
Section map of habitat suitability for the Cumberlandian Combshell. 
6.2.3 Cumberland Elktoe, Alasmidonta atropurpurea Habitat Suitability 
Table 6-3 is the Cumberland Elktoe habitat suitability results.  Figure 6-10 is the 
Clear Fork Section map of habitat suitability.  Figure 6-11 is the Leatherwood Ford 
Section map of habitat suitability for the Cumberland Elktoe. 
6.2.4 Littlewing Pearlymussel, Pegias fibula Habitat Suitability 
Table 6-4 is the Littlewing Pearlymussel habitat suitability results.  Figure 6-12 is 
the Clear Fork Section map of habitat suitability.  Figure 6-13 is the Leatherwood Ford 
Section map of habitat suitability for the Littlewing Pearlymussel. 
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 Table 6-1 Cumberland Bean, Villosa trabalis Habitat Suitability 
Cumberland Bean, Villosa trabalis 
Number of segments Suitability Number of sites Riffle Run 
Clear Fork Section 
Optimal 2 1  
Suboptimal 47 3 19 
Marginal 56 1 14 
Total 105 5 33 
Leatherwood Ford Section 
Optimal 0 0  
Suboptimal 11 0 5 
Marginal 3 1 1 
Total 14 1 6 
Alum Ford Section 
Optimal 0 0  
Suboptimal 0 0 0 
Marginal 0 0 0 
Total 0 0 0 
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Figure 6-6 Cumberland Bean Clear Fork Habitat Suitability Map 
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Figure 6-7 Cumberland Bean Leatherwood Ford Habitat Suitability Map 
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 Table 6-2 Cumberlandian Combshell, Epioblasma brevidens Habitat Suitability 
Cumberlandian Combshell, Epioblasma brevidens 
Number of segments Suitability Number of sites Riffle Run 
Clear Fork Section 
Optimal 2 1  
Suboptimal 47 3 19 
Marginal 56 1 14 
Total 105 5 33 
Leatherwood Ford Section 
Optimal 0 0  
Suboptimal 11 0 5 
Marginal 3 1 1 
Total 14 1 6 
Alum Ford Section 
Optimal 0 0  
Suboptimal 0 0 0 
Marginal 0 0 0 
Total 0 0 0 
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Figure 6-8 Cumberlandian Combshell Clear Fork Habitat Suitability Map 
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Figure 6-9 Cumberlandian Combshell Leatherwood Ford Habitat Suitability Map
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Table 6-3 Cumberland Elktoe, Alasmidonta atropurpurea Habitat Suitability 
Cumberland Elktoe, Alasmidonta atropurpurea 
Number of segments Suitability Number of sites Pool Run Riffle 
Clear Fork Section 
Optimal 1 1   
Suboptimal 71 12 13  
Marginal 209 8 16 3 
Total 281 21 29 3 
Leatherwood Ford Section 
Optimal 17 2   
Suboptimal 54 5 0  
Marginal 196 6 3 1 
Total 196 13 3 1 
Alum Ford Section 
Optimal 0 0   
Suboptimal 0 0 0  
Marginal 0 0 0 0 
Total 0 0 0 0 
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Figure 6-10 Cumberland Elktoe Clear Fork Habitat Suitability Map 
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Figure 6-11 Cumberland Elktoe Leatherwood Ford Habitat Suitability Map
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Table 6-4 Littlewing Pearlymussel, Pegias fibula Habitat Suitability 
Littlewing Pearlymussel, Pegias fibula 
Clear Fork Section 
Number of segments Suitability Number of sites Riffle Run 
Optimal 2 1  
Suboptimal 4 3  
Marginal 98 1 33 
Total 104 5 33 
Leatherwood Ford Section 
Optimal 0 0  
Suboptimal 0 0  
Marginal 14 1 6 
Total 14 1 6 
Alum Ford Section 
Optimal 0 0  
Suboptimal 0 0  
Marginal 0 0 0 
Total 0 0 0 
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Figure 6-12 Littlewing Pearlymussel Clear Fork Habitat Suitability Map 
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Figure 6-13 Littlewing Pearlymussel Leatherwood Ford Habitat Suitability Map
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 6.2.5 Tan Riffleshell, Epioblasma florentina walkeri Habitat Suitability 
Table 6-5 is the Tan Riffleshell habitat suitability results.  Figure 6-14 is the Clear 
Fork Section map of habitat suitability.  Figure 6-15 is the Leatherwood Ford Section 
map of habitat suitability for the Tan Riffleshell. 
6.3 Mussel Habitat Findings 
Overall relatively few areas of optimal habitat were identified.  For the four 
species that thrive in riffle habitats, two (or less) optimal habitat stretches were identified 
per species.  The fifth species, the Cumberland Elktoe, thrives in pools and since there 
were more pool segments, there were more opportunities for desirable habitat; 19 optimal 
habitat sites were identified.  When the habitat criteria were expanded to encompass 
suboptimal and marginal criteria, the number of suitable habitat sites increased 
dramatically for all of the species.  For the four riffle-loving species the expanded criteria 
identified suitable habitat in approximately 10% of the classified points.  For the pool-
loving Cumberland Elktoe, the expanded criteria identified suitable habitat in almost 50% 
of the classified points.  Figure 6-16 is a chart of the number of optimal, suboptimal, 
Marginal habitat sites. 
It would be valuable to compare the potential mussel habitats identified in this 
project to the known distribution of the five endangered species of interest within BISO 
(i.e., did the measured attributes align with the known mussel populations?).   
Unfortunately, accurate surveys identifying the exact locations of these five species are 
not available to allow a meaningful comparison.   However, for a rough qualitative 
evaluation the following comparison is constructive.  Sites where Steven Bakaletz found 
evidence of the five endangered species were compared to sites identified in this project
131 
 Table 6-5 Tan Riffleshell, Epioblasma florentina walkeri Habitat Suitability 
Tan Riffleshell, Epioblasma florentina walkeri 
Number of segments Suitability Number of sites Riffle Run 
Clear Fork Section 
Optimal 1 1  
Suboptimal 5 3  
Marginal 91 0 31 
Total 97 4 31 
Leatherwood Ford Section 
Optimal 0 0  
Suboptimal 0 0  
Marginal 12 0 5 
Total 12 0 5 
Alum Ford Section 
Optimal 0 0  
Suboptimal 0 0  
Marginal 0 0 0 
Total 0 0 0 
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Figure 6-14 Tan Riffleshell Clear Fork Habitat Suitability Map 
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Figure 6-15 Tan Riffleshell Leatherwood Ford Habitat Suitability Map
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 Summary of Number of Optimal/Suboptimal/Marginal Habitat Sites
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Figure 6-16 Number of Habitat Sites 
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 as suitable mussel habitat (Bakaletz, 1991).  There are very few data points on the 
locations for the five species of interest. Bakaletz found a combined total of nine mussel 
sites for the five endangered species within the three river reaches mapped in this study.  
The UVMS method indicated optimum, suboptimum, or marginal mussel habitat in the 
vicinity of eight out of these nine areas.  These results indicate that the UVMS method 
has significant overlap with Bakaletz’s identified mussel locations.  This finding is 
subject to following limitations.  The locations where Bakaletz identified mussels are 
approximate locations compiled on USGS topo quads to the nearest 1/10th kilometer.  
When his survey was done in 1985-1986, GPS was not available as a common tool.   To 
accommodate the range of location variability, each location where Bakaletz found 
evidence of one of the endangered species was assessed as to whether the UVMS method 
characterized suitable habitat for that species within 100 m of his identified location.  
This is a very gross comparison because the locations in the 1985-1986 survey are 
approximate to 1/10th of a kilometer, but it does show suitable habitat findings in the 
vicinity of previously identified mussel locations. 
The comparison among the three river sections studied is as follows:  In the Clear 
Fork Section, for the five endangered species, Bakaletz identified mussel evidence 
(middens) and/or living mussels in eight locations.   By comparison, the UVMS method 
identified potential suitable habitat in the vicinity of all eight locations.  In the 
Leatherwood Ford Section, for the five endangered species, Bakaletz identified mussel 
evidence (middens) and/or living mussels in one location.   By comparison, the UVMS 
method did not identify potential suitable habitat in the vicinity of this location.  In the 
Alum Ford Section, for the five endangered species Bakaletz did not identify mussel 
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 evidence (middens) and/or living mussels in any locations.   By comparison, the UVMS 
method also did not identify any areas as potential suitable habitat in this section.   
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CHAPTER 7  
   CONCLUSIONS 
 
 
The UVMS data collection and analysis method is a viable way to develop habitat 
maps over extensive distances of river.  It was successfully employed to create habitat 
maps based on five attributes important to mussel populations.  The method was 
employed in three sections of river in BISO that had very different river flow patterns.  
Within the five attributes that were recorded and analyzed, some worked better than 
others.  The method was very successful at mapping river flow characteristics (pool, run, 
or riffle) in that the data collection was reliable and the classification scheme easily 
reproducible.  For the attribute of substrate type, the data collection was generally good 
although equipment limitations in deep pools and in very shallow riffles were 
encountered.  Classification of the substrate type was also somewhat subjective because 
of the wide range and constantly changing substrates.  The attribute of water depth was 
overall reliably measured, although using equipment with better resolution in very 
shallow water is recommended.  However, the attribute of water depth must be 
interpreted with caution because the depth changes drastically with seasonal variation.  
The attribute to characterize embeddedness of the substrate was also somewhat 
subjective, but less so than substrate type because there were fewer classification 
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 categories.  The attribute for identification of the presence of coal deposits had the same 
visibility limitations as identifying substrate type, so deep pools and very shallow riffles 
were not well characterized.  Each trip was only a picture in time to give an indicator of 
the information.  It does not depict variability due to seasonal changes, conditions in 
portions of the stream other than the midline, or environmental changes.   
Using the data collected with the UVMS method, habitat maps were developed 
for each of the five endangered species of mussel in BISO.  Four of the species require 
riffles as their optimal habitat, and the flow characteristics in the Clear Fork and 
Leatherwood Ford sections provided this type of habitat.  The other species was a pool-
loving species, which had more optimal habitat in the pool segments in the Leatherwood 
Ford Section.   The Alum Ford Section did not have any suitable mussel habitat because 
the impounded river forms a lake.  The intermittent substrate classification points on the 
lake bottom showed continuous silt, which does not provide suitable habitat for any of 
the five species of endangered mussels. 
Overall relatively few areas of optimal habitat were identified.  For the four 
species that thrive in riffle habitats, two (or less) optimal habitat sites were identified per 
species.  The fifth species, the Cumberland Elktoe, thrives in pools.  Over the length of 
the mapped rivers there was considerably more length of pool than riffle, so there were 
more opportunities for desirable habitat for this pool-loving species; 19 optimal habitat 
sites were identified.  When the habitat criteria were expanded to encompass suboptimal 
and marginal criteria, the number of suitable habitat sites increased dramatically for all of 
the species.  For the four riffle-loving species the expanded criteria identified suitable 
habitat in approximately 10% of the classified points.  For the pool-loving Cumberland 
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 Elktoe, the expanded criteria identified suitable habitat in almost 50% of the classified 
points. 
Because the data is saved in a database format, it can be revisited and analyzed in 
multiple different ways, depending on the parameters of interest.  Once the attributes are 
mapped in this type of highly versatile GIS database, they can be used for any 
combination of queries.  For this project the attributes were targeted at the five 
endangered mussel species, but this information in the final database format can also be 
useful to identify host fish habitats, or any other type of analysis of the data set.  For 
instance, it would be easy to use the attributes to perform a habitat evaluation for a new 
and different set of species criteria.   The utility of a GIS approach is that it can be 
expanded to include new attributes, and allows extensive data evaluation to meet a 
variety of project goals.  
Habitat mapping is a key component in habitat assessment and is an important 
tool to document conditions at specific sites.  These sites become reference areas to allow 
future surveillance of changes in mussel habitat at that location.  Sites with favorable 
conditions can be targeted for detailed site surveys and evaluated for augmentation with 
juvenile mussels.   
David L. Strayer (2004) noted “A serious problem that ultimately faces unionoid 
ecologists (and ecologists in general) is understanding how multiple controlling factors 
work together to determine the patterns of distribution and abundance that we see in 
nature.  Ecologists often focus on one limiting factor at a time, but real populations are 
confronted simultaneously by multiple factors, which often interact.  Thus, habitat, food, 
fish host, dispersal, and predators probably act jointly to regulate pearly mussel 
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 populations.” (Strayer, 2004).  Utilizing video mapping techniques in conjunction with 
GPS and GIS technologies to record and analyze various attributes holds promise for an 
efficient method to capture and evaluate the bigger picture.
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CHAPTER 8  
RECOMMENDATIONS 
 
 
In the course of this project, several areas and ideas for improvement suggested 
themselves.  These are ordered into equipment-related components of the UVMS data 
collection process, data analysis considerations, and some thoughts on the study 
methodology. 
8.1 Recommendations for UVMS Data Collection Process 
In order to get reliable footage of the substrate in deep water, an adaptation to 
allow better depth control of the camera when it is operating on the reel system and an 
automated depth control system would help.  One idea is to install a depth sensor on the 
camera, with an automated system that adjusts to keep the camera within a short distance 
from the bottom.  This would be helpful because footage is lost while trying to manually 
adjust the depth, when the camera is on a reel and the depth is changing.  Another 
improvement would be a sonar depth sensor that has better resolution for shallow water.   
In previous UVMS studies a VMS 300 was used to embed the GPS data on the 
video tape.  The VMS 300 requires one more battery and a series of wires, so it is extra 
equipment to maintain. For this project GPS and video footage were recorded separately 
in a wireless manner.  The thought was that wireless data collection involved fewer 
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 components, and thus less opportunity for malfunction. The data recording worked well, 
except that in the archive there are two separate files (a CD with the GPS data, and a 
videotape with the video footage).  With the VMS 300 the GPS data is embedded in the 
tape archive, so it will always be accessible when looking back at the data.  In retrospect 
it would have been preferable to use the VMS 300 and have one archive that contains 
both GPS location and video footage. 
Finally, it would be a significant improvement to develop a reliable procedure to 
record underwater characteristics in riffles that are so shallow that they preclude keeping 
the underwater camera in the water.  One possibility would be to stop the boat at shallow 
riffle locations and shoot video footage of the substrate at the beginning, middle and end 
of each riffle.  
8.2 Recommendations Related to Data Analysis 
A consideration regarding data analysis is the potential variability between how 
different people would classify the same video footage.  For the evaluation of both 
substrate type and degree of embeddedness, the classification is a somewhat subjective 
evaluation.   If the UVMS method becomes more widely used, testing on the degree of 
interpersonal variability in classifying substrate is necessary to know if results of 
different projects are comparable.   
Another data processing suggestion relates to the integration of the GPS and depth 
data.  In this project these two elements were combined in the lab as a secondary step 
after field data collection.  However, there are commercial software programs that will 
join these data elements in real time and with less manipulation, thus reducing the 
potential to introduce data errors. 
143 
 8.3 Recommendations Related to Study Methodology 
It would be valuable to compare the results on the same river segments if they 
were revisited at a different time of the year, to see if seasonal variability causes any of 
the areas to be characterized differently.  This would be especially important for 
attributes which are strongly affected by water levels such as the flow characteristics of 
pool, run, and riffle.  
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 Cumberland Bean 
 
CLEAR FORK 
Optimal  
"emmbedde_1" >= 16 AND "NAME" = 'riffle' AND "sand" <> 0 AND "cobble" <= 20  
 
Suboptimal 
"emmbedde_1" >= 16 AND "NAME" <> 'pool' AND "sand" <> 0 AND "cobble" <= 80 
 
Marginal  
"emmbedde_1" >= 11 AND "NAME" <> 'pool' AND "sand" <> 0  OR "emmbedde_1" 
>= 11 AND "NAME" <> 'pool' AND "gravel" <> 0 AND "cobble" <= 20 
 
Leatherwood 
Optimal  
"NAME_1" = 'riffle' AND "emmbedde_1" >=16 AND "sand" <>0 AND "cobble" <=20 
 
Suboptimal 
"emmbedde_1" >= 16 AND "NAME_1" <> 'pool' AND "sand" <> 0 AND "cobble" <= 
80 
 
Marginal 
"emmbedde_1" >= 11 AND "NAME_1" <> 'pool' AND "sand" <> 0 OR "emmbedde_1" 
>= 11 AND "NAME_1" <> 'pool' AND "gravel" <> 0 AND "cobble" <= 20 
 
Alum ford 
NA 
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 Cumberland Elktoe 
CLEAR FORK 
Optimal "NAME" = 'pool' AND "emmbedde_1" <= 5 AND "clay" <>0 
 
Suboptimal  
"NAME" <> 'riffle' AND "emmbedde_1" <= 10 AND "clay" <>0 OR "NAME" <> 'riffle' 
AND "emmbedde_1" <= 10 AND "sand" <>0 AND "cobble" <=20  
 
Marginal  
"emmbedde_1" <= 15 AND "clay" <>0 OR "emmbedde_1" <= 15 AND "sand" <>0 or 
"emmbedde_1" <= 15 AND "gravel" <>0 and "cobble" <=20 
 
Leatherwood 
Optimal 
"NAME_1" = 'pool' AND "emmbedde_1" <= 5 AND "clay" <>0 
 
Suboptimal  
"NAME_1" <> 'riffle' AND "emmbedde_1" <= 10 AND "clay" <>0 OR "NAME_1" <> 
'riffle' AND "emmbedde_1" <= 10 AND "sand" <>0 AND "cobble" <=20  
 
Marginal  
"emmbedde_1" <= 15 AND "clay" <>0 OR "emmbedde_1" <= 15 AND "sand" <>0 or 
"emmbedde_1" <= 15 AND "gravel" <>0 and "cobble" <=20 
 
Alum ford 
NA 
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 Cumberlandian Combshell 
 
CLEAR FORK 
Optimal  
"emmbedde_1" >= 16 AND "NAME" = 'riffle' AND "sand" <> 0 AND "cobble" <= 20  
 
Suboptimal  
"emmbedde_1" >= 16 AND "NAME" <> 'pool' AND "sand" <> 0 AND "cobble" <= 80 
 
Marginal  
"emmbedde_1" >= 11 AND "NAME" <> 'pool' AND "sand" <> 0  OR "emmbedde_1" 
>= 11 AND "NAME" <> 'pool' AND "gravel" <> 0 AND "cobble" <= 20 
 
Leatherwood 
Optimal 
"NAME_1" = 'riffle' AND "emmbedde_1" >=16 AND "sand" <>0 AND "cobble" <=20 
 
Suboptimal  
"emmbedde_1" >= 16 AND "NAME_1" <> 'pool' AND "sand" <> 0 AND "cobble" <= 
80 
 
Marginal  
"emmbedde_1" >= 11 AND "NAME_1" <> 'pool' AND "sand" <> 0 OR "emmbedde_1" 
>= 11 AND "NAME_1" <> 'pool' AND "gravel" <> 0 AND "cobble" <= 20 
 
Alum ford 
NA 
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 Littlewing Pearlymussel 
 
CLEAR FORK 
Optimal  
"emmbedde_1" >= 16 AND "NAME" = 'riffle' AND "sand" <> 0 AND "cobble" <= 20  
 
Suboptimal   
"emmbedde_1" >= 11 AND "NAME" = 'riffle' AND "sand" <> 0 AND "cobble" <= 80 
 
Marginal   
"emmbedde_1" >= 11 AND "NAME" <> 'pool' AND "sand" <> 0 AND "sand" < 80 OR 
"emmbedde_1" >= 11 AND "NAME" <> 'pool' AND "gravel" <> 0 AND "cobble" <= 20 
Leatherwood 
Optimal  
"NAME_1" = 'riffle' AND "emmbedde_1" >=16 AND "sand" <>0 AND "cobble" <=20 
 
Suboptimal  
"emmbedde_1" >= 11 AND "NAME_1" = 'riffle' AND "sand" <> 0 AND "cobble" <= 80 
 
Marginal  
"emmbedde_1" >= 11 AND "NAME_1" <> 'pool' AND "sand" <> 0 AND "sand" < 80 
OR "emmbedde_1" >= 11 AND "NAME_1" <> 'pool' AND "gravel" <> 0 AND "cobble" 
<= 20 
 
Alum ford 
NA 
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 Tan Riffleshell 
 
CLEAR FORK 
Optimal 
"emmbedde_1" >= 16 AND "NAME" = 'riffle' AND "sand" <> 0 AND "cobble" <= 20  
 
Suboptimal  
"emmbedde_1" >= 16 AND "NAME" = 'riffle' AND "sand" <> 0 AND "cobble" <= 80 
 
Marginal  
"emmbedde_1" >= 11 AND "NAME" <> 'pool' AND "sand" <> 0   
 
Leatherwood 
Optimal  
"NAME_1" = 'riffle' AND "emmbedde_1" >=16 AND "sand" <>0 AND "cobble" <=20 
 
Suboptimal  
"emmbedde_1" >= 16 AND "NAME_1" = 'riffle' AND "sand" <> 0 AND "cobble" <= 80 
 
Marginal  
"emmbedde_1" >= 11 AND "NAME_1" <> 'pool' AND "sand" <> 0  
 
Alum ford 
NA 
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